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SUMMARY

A serious shortage of mineral aggregate suitable for highway
construction exists in seversl major areas of Idaho. Thus there is the
urgent requirementfto investigate the means of upgrading poor sggregate
having high asphalt absérption or stripping characteristics for highway
construction needs, As minéral fillers cean be used to upgrade asphalt
mixtures, determination of the proper mineral filler for such an ALLTe=-
gate will allow substantial savings in highway construction costs,

Four different test methods were evaluated using specially
designed well-graded asphalt mixtures. Three different mineral fillers,
hydrated lime, portland cement, and limestone dust, were incorporated in
varying amounts in constant volume specimens., The specimens were then
tested for resistence to deformation, durability, cchesion and strength
by the Relative Stability Test, the Moisture Vapor Susceptibility Test,
the Minnesota Cold Water Abrasion Test, and the Immersion-Compression
Test., These test results were then compared with those from the same
tests using control specimens containing no mineral filler, This
permitted a standard test method to be developed through statistical
analysis for evaluating the effect of mineral fillers in asphalt mix-

tures containing poor aggregate.
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Pertinent conclusions and recommendations are:

Lo

2o

3.

L,

The standerd test method should be the use of the Relative
Stability Test and the Immersion=-Compression Test for evaluating
the improvemenf»in rgsistance to deformation, resistance to watér
action, cohesion and strength»cf'asphalt mixtures cantaining poor
aggregate through use of a mineral filler,

The 2k<hour immersi@g period at 1Lo° F,.in the Immersion-
C@myraasi@n Test shéuld be tentatively esteblished as standard
procedure, This will raquirg final substantiation by comparison
to the beday immersion period at 120° F;vduring Phase Two of

this study.

The Moisture Vapor Susceptibility Test should be further ana-
lyzed after the procedure has been modified to'mmre nearly
duplicate conditions under which asphalt stripping occurs ip the
field, This will permit a mcrevrealigtic evaluation of mixture
resistance to stripping action,

The Minnesota Cold Water Abrasion Test should be dropped from
further consideration as it does not provide meaningful results
at the higher asphalt contents being used in present-day asphealt

surface course construction.
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There is now a seriocus shortage of mineral sggregate suitable
for highway base and surface course construction in several major areas
of the State of Idaho, This fact is documented by such reports as a

rtment District Two

t four of the nine

counties in that district do not have an adequate supply of material
suiteble for highwaey base and surface course requirements., Usable
aggregate is also scarce in Shoshone County in northern Idaho from
Wallace to the Montana State border,

Upon completion of the current Interstate Highway System
construction program, these shortages will be even more serious and
additional areas will be faced with a deficient supply of ussable
aggregate, To alleviate this problem, it will be necessary to either
haul in good aggregate from sources thatb mey be meny miles away, or
improve local poor quality aggregate by tfeaﬁmentwfo a level that is
acceptable for use on highway construction projects,

Economic analysis of the two alternmatives by the asuthor based
upon aversge construction cogsts indicates thats

1, a ton of sggregate for surface course material can be

hauled approximetely 5 miles in lieu of the added cost
of treating a ton of plant-mix with 2 per cent of mineral

filler,



AN

20 e ton of aggregate for base material can be hauled approx-

ton of aggregate with 6 per cent of asphalt and 2 per cent
of minereal filler,
Thus , when a source of good mineral asggregste is 5 or more miles
farther away from & surface course project (or 25 or more miles farther
away from a project requiring base treatment) then is a local souree of

sl devation 8

poor guality szgre

2 Zoana

fmproving the poor agpy

treatment such as the use

Mineral fillers can be used to upgrade asphalt COh=

4}

teining poor aggregate as well as to improve asphelt mixtures contasining
good aggregate, While improving good aggregabe mixbures is both
desirable and necessary, there is now the more urgent requirement to
investigate the means of upgrading poor aggregate having high asphalt
absorption or stripping characteristics for highweay construction needs,
Determination of the proper mineral filler for a source will allow that
aggregate to be used on future construction projects and, in many cases,

permit substantial savings in highway construction costs,

L. PURPOSE
At present the Ideho Department of Highways does not have a
generally accepted procedure for detemmining ﬁha over all improvement
in quality of an eggregate treated by e mineral filler., Certain

stebility, cohesion, and strength tests have been used to evaluate
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individual characteristics @f 8 poor aggregate in an asphelt mixbture,
However, it has not been possible to correlate the results of the
different tests to provide a ?eas@mabiy complete analysis of
improvements due to the use of different fillers,

It was thus the purpose of this study to conduct laboratory
stability, abrasion, cochesion, and strength tests on various asphalte

mineral filler-aggregate mixtures, using a good aggregate as a standard

to reduce the number of variables, snd determine if poss

or tests provide consistently ble results in eppraising the
qualities of resistance, durablity, and strength in asphalt mixtures,
This could permit esteblishment of a standard test method for evalu-

ating the improvement of poor aggregate sources by use of a mineral

filler and provide substantial savings in time and cost in future

~testing of this type,

II. OBJECTIVE

There were two primary objectives in this investigation., The
first objective was the evaluation of four different test methods using
specially designed well-graded asphalt mixtures, Three different
mineral fillers, hydrated lime, portland cement, and limestone dust,
were incorporated in varying emounts in constant volume specimens,
The specimens were then tested for resistance to deformation, durability,
cohesion, and strength by the Relative Stability Test, the Moisture
Vapor Susceptibility Test, the Minnesota Cold Water Abrasion Test, and

the Immersion-Compression Test, These test results were then



compared with those from the same ﬁ&sﬁs using control specimens
containing no mineral filler, The second objective was the development
by statistical analysis of a feasible staﬂdardAﬁestym@th@d for
evaluating the effect of minersl fillers im asphalt mixtures con-

taining poor eggregate,

IIT. BACKGROUND

FO0r G

ure

by the addition of a mineral filler to the ssphalt-eggregate “3?
(2), (3)s Results of a preliminary mineral filler investigation re-
cently completed in the University of Idaho Materials Testing Laboratory
also indicate that a poor sggregate can be substantially improved by
use of & mineral filler (L}, However, that study likewise showed
that each sggregate scurceirequir@s individual ensalysis to deternmine

the type and amount of mihéral filler that provides the greatest
improvement, The study also pointed out the need for a standard test
method, Based upon the recommendstions made in the_ preliminary study,

permission wes obtained from the Idsho Department of Highweys Research

Canmittee to proceed with this investigation.

IV, PERTINENT LITERATURE

Pertinent literature was carefully examined to obtain
information relevant to the use of mineral fillers, test methods,

specific gravity and air voids, and temperature control in the



development of asphalt mixtures, This knowledge was invalusble in

formulating the investigetion and snalyzing the results.,

Mineral Fillers
According to Tunnicliff (57. Clifford Richardson was gppars

ently the first to recognize and describe the importance of mineral
filler, Richardson (6) described the function of filler as:

o o o & part of the minersl sggregate of asphalt surfaces for the

purpose of rendering the surface more dense, so that it be less

acted upon by water, and less liable to interior displacement

or movement.
He elso recognized that the presence of a mineral filler caused &'’
change in the consistency of the asphalt cement in a mixture.

In 1932 Miller and Traxler (7) reported that the properties
of the individual particles of a mineral powder which affect its
value as & filler for esphalt mixtures are size, size distribution,
shape, and texture. The surface area and void content of the filler
are dependent upon those properties of the particles. In 1936
Traxler and Miller (8) also stated that:

The effect of the addition of & mineral powder to a bitumen -
may be most accurately determined by a comparison of the
viscosities of the bitumen and the bitumen-filler mixtures.
The composition of the mixtures must be considered on a
phase-volume basis,
Thus they recommended proportioning the asphalt and mineral filler
by volume. Traxler (9) in a separate paper describes a method for
measuring the absolute viscosity of an asphalt-mineral filler mixture.

Bollen (10} in 1937 supported the theory that the addition of

mineral filler increases the viscosity of asphalt, He also advocated



the use of the "effective amount of mineral filler,”" the average of
the percentages;of filler passing the No, QQO sieve as deterﬁined by
& sieve analysis and by a wash test, in determining the properties
of asphalt and minersl filler by weight. |

Eleven mineral fillers were evaluated by Warden, Hudson, and
Howell (11) in 1959 as to their effect on consistency, ductility, void
filling capacity, stability, temperature,susceptibility, and resistance
to water as a function of the filler<bitumen ratio. The desired
quality at£ributes of a paving filler are enumerated and discussed
with respect to their significance in terms of field handling end
pavement performance,

Higher asphalt contents can be used in high stability paving
mixes containing small asmounts of mineral fille: according to a paper
by Kallgs and Krieger»(lZ) in 1960, They élso state that small amounts
of certain mineral fille?s tend to offset ﬁhe increase in density |
Aocéurring with ineressing compaction tempefatures,

In 1961 Kallas and Puzinauskas (13) reported the effects of
1l mineral fillers on density, aggregate voids, Marshall stsbility,
end air voids using constant volume conceptrations of the various
fillers, They indiceted thats

1, the type of mineral filler greatly influences the

compaction characteristics of paving mixtures,

20 the filler concentration is eéual in #mportance to type

of filler used,

3.  pronounced differences in viscosity and shear



- -susceptibllity result when different fillers wre used.
Csanyi (14) indicated in 1962 that mineral fillers cen perform
several functions. One function is that ofwfilling volds in eoarser
eggregates while another is the creation of a filler-asphalt mastic, .
He stated that an excess gquentity of filler tends to increase stabile
ity, brittleness, and proclivity to eracking. Deficiency of filler
tends to inecrease void content, lower stebility, and sofﬁeﬂ'the mi x,

Kellas, Puzinauskes, and Kri@ger (15) considered in 1962 the
correlation between filler-ssphalt mastic viscosity end test prop=
erties of specimens that were compacted to neafky‘conatﬁnt volume
pfopertions of ell mixture components regardless of the filler used,
They goneluded in part thabs ‘

1s all mineral fillers regardless of type or concentration
increase stability or strength properties of compacted
asphalt peving mixtuves,

2, Marshall stability values reflect both yiscosity of
asphalt and influence of fillers while Hveem stability
values are primarily influenced by the type and concen-
tration of filler. |

An excellent review of literature on mineral filler weas

preseﬂtéa by Tunnicliff (5) in 1962, He proposed a definition for
mineral filler, m&lzyzea the different theories regarding the filler
bitumen system, and concluded that "properly proportioned filler is
entirely beneficial to any asphalt peving mixture."

Certain eonclusions regarding the effects of e mineral filler



on the properties of asphaltic concrete mixes were reached by Csanyi,
Cox, and Teagle (16) in 1964, They r@parted;thats
1, the speecific effect of a filler on mixes can be determined
but thet a 5@neral stetenent cencerning the effect of
fillers on properties such as stebility, voids, and
cohesion cennot be made, o
2, different methods of determining stebility differ in their
ﬁ@ﬁ@itivity to the quantity of filler present in a mix,
Je fillers have 2 more marked eff@gt on the stebility of
mixes containing hard eggregate than on those containing
sofber aggregates,

In 196k Lowrie (17) reported on the use of hydrated lime to
upgrade poor soils end marginal or substanderd sggregates in Colorado.
He indicated that hydrated lime is used in ssphalt peving mixtures
prinarily to improve the ability of the sggregate to retain e coating
of asphalt in the presence of moisture, He aiso advocated the theory
that if the hydrated lime is added to the aggregate ; the ﬁixmurc
heated end mixed with the asphalt wement , the principal reaction is
between the lime and the asphalt, If, however, the hydrated lime is
mixed wi%g the dampened aggregete and allowed to cure for 48 hours |
before the asphalt is added to the mixture, the principal reaction is
between the hydrated lime and the dempened aggregate.

A different concept was sdvenced by ﬁcukelam (18) in 1965,

He stated that the consistency and densificstion of bituminous mixes

are to a first epproximetion sovgrned by the apparent or bulk volume



of filler and that all test methods which give an indication of the

apparent volume are therefore suitsble as filler evaluation methods,

Test Procedures
Hveen Séabiligz Test, There is a very high degree of corre=

lation between Hveem staebilometer results and pevement performance
according to Hveem and Vallerge (19}, This conclusion is supported
by MeCarty (20) who states that:

o o o the Hveem stability index, because of its close correlation

with stability in service, is the most representative charactere

istic of the mix when laid in the highway.
Griffith and Kalles (21) report that while the Hveem and Marshall
stability test methods are empirical, they are being widely used and
have been éxtensively correlated with asphalt pavement performance.
Minor (22) also remarks that case histories of several selected bitu=
minous pavements show that their service characteristics, particularly
as related to plastic deformation, wére accurately forecast by the
stabilometer and cohesiometer, o ;

Moisture Vapor Suscegtibilitvaest} Skog and Zube (23) report

that a test was developed in the laté 30fs‘to eid in the design.qf
paving mixtﬁres which would be resistént to the effects of moisture
vapor., After correlation with actual pavement performance and some
modification, the present Moisture:Vapar”Susceptibility Test evolved,
According to Kari (2k), moisture vapof can cause & failure in the
cohesion bond and at the aggregaxe-asphﬁlt interface resulting in
stripping end migration of the asphalt, ’The Moisture Vapor Suscepti-

bility Test indicsates the extent to which the stabilometer and
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cohesiometer values of bituminous mixtures are affected by moisture
in the vapor state entering the mixture from g wet subgrade or other
sourees.

Immersion=Conpression Test, The L-dasy, 120° F. immersion

period in the standard ion=Conpression Test can generally be
relied upon to distinguish between satisfactory and unsstisfactory

fillers according to However, Goldbeck (26) questions

e
@
@
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=

allure of pavement in

d recommends that & longer immersion period be used.

Goode (27), in contrast, states that "the immersion-compression method

of designing bitumin peving mixbures has proved completely satis-
factory.,” Further support of the test is given by Lowrie (17) who
states that after 1T years of laboratory @X?@Tiencé and field corre=
lation with the Immersion=Compression Test, thé Cclorado Department of

Highweays has acquired considerable confidence in its reliability.

Minnesota Cold Water Abragion Test, Swanberg and Hindermann

28) conclude that the cold water abrasion tesf ¢an be used satise
factorily to evaluate the dursbility of asphalt-aggregate mixtures
with respect to the stripping action of water. They state that there
appears to be a sstisfactory correlation of the fest with field
performence and recommend & maximum permissible abrasion loss of 15

per cent,
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Specifiec Grevity end Air Voids

In 1947 Kamp? end Reisch (29) advanced the idea that high
voids cause repid hardening of the asphaltic cement, They also
concluded that both the filler (material passing the No, 200 mesh
sieve) and the asphaltic cement go direectly into the voids of the
mixture, and that the voids rather than the surface ares of the aggre-
gate determine the asphaltic cement and filler requirements,

Ricketts and others (30) state that because aggregates absorb
bitumen to & varisble extent, no single one of the conventional spe=
cific gravities has proved satisfactory for general use with porous
aggregates in bituminous mimﬁuf@s; An erroneocus aggregate specific
gravity cen cause & bituminous mix to be too lean or too rich, with
attendant unsatisfactory cheraecteristics, They describe a bulke
impregnated specific grayity which is & function of the ratio of
bitumen to water sbsorption of an aggregate and repar£ that it has
been found satisfectory for general use with porous aggregates,

Weight-volume relations are widely used as criteris for the
design of bituminous paving mixtures eccording to Benson and Subbarsju
(31)s The determination of specific gravity of the in&ividual constit-
uents of the paving mixtar@ is therefore a necessary part of the design
procedure. They report @h@t the bulk-=impregnated specific gravity |
procedure end the seroscl and vecuum procedure have both been found to
yieid values of specific gravity copsidered to closely represent the

probable weight-volume relationships in bituminous mixtures%
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McLeod (32) points out thet the magnitude of the errors in
velues reported for "per cent voids in the mineral aggregate,”
"per cent air voids," and "per cent voids filled with bitumen" for
compacted paving mixtures made with highly sbsarp%ive aggregate can be
quite seriocus. He recommends that the three values be evaluated on the
basis of the ASTM bulk specific gravity of the aggregate making full
allowance for the asphalt sbsorbed into the aggregate. In & second
paper, (33) he mskes the same recommendstion and presents reasons for
rejecting both the ASTM spparent end the effective specific gravity of
the aggregate as a basis for pavement design.

The void properties of compacted dense-graded bituminous
paving mixtures are at least as important as their stebility insofar
as pavement performence is concerned according to McLeod (34) in a
third publication. He also concludes that the most significant
void requirements for compacted mixtures are air voids and voids in the

mineral aggregate,

Kiefer (35) shows that changes in the compaction temperature
of bituminous concrete mixtures produce changes in the specific
gravity, per cent voids, stabilometer value, and cohesicmeter value of
the compacted mix., He indicates that the compaction temperature used
in the compaction and testing of bituminous conerete mixtures must be
carefully controlled in order to give reproducible results,

Variations in the mixing and compacting viscosities of

asphaltic concrete produced changes in Marshal stebility, flow value,



specific gravity, and voids of the compacted mixtures according to

Bahri and Rader (36). They also report that some of the variations

were large enough to require selection and control of proper mixing

end compacting viscosities,

13



CHAPTER IT
BASIC CONSIDERATIONS

I. IERMINOLOGY

Terminology in the highwa& éanstruction figld is feirly well
specialized with most terms having a spegific nmeaning., However, several
terms need further explanation to clarif& their meaning.

The terms "mix," "mixture,"” and "esphalt mixture,” designate
asphalt-aggregate mixtures or asphaitmmineral fi;lefmaggrggate mixtures
developed to simulete plant-mix surface course, The terms “aggregate ,”
"asphalt " and “filler," are used to dénote minersl aggregate, asphalt
cement, and mineral filler, respaet;vqu?

1L, MIXTUREECQMPONENTS

Asphalt cement, mineral aggrégazg,ﬂgﬁd minérel filler (when

used) are the essential components of i Qixﬁurea Bach component is

discussed in appropriate detail in the following sections.

Asphalt Cement
American Society for Testing and Mﬁtérialﬁ (ASTM) Designation
D=8~63 descpibes asphalt as:
A dark brown to black cementitious material, solid or semisolid
in consistency, in which the predominating constituents are bitumens

which oceur in neture as such or are cobtained as residua in
refining petroleum.
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It also defines asphelt cement as:

A fluxed or unfluxed ssphalt specially prepared as to quality
and consistency for direct use in the manufacture of bituminous
pavements, and having & penetration at 25 C. (77° F.} of between
5-end 300, under a load of 100 gm. applied for 5 seconds.

Asphalt cement is a strong, readily adhesive, cementing agent
which imparts controlled flexibility to mixtures of mineral aggregate
or mineral aggregate eand mineral filler with which it is eembinedob
Such mixtures are plastic in ﬁature, reagonsbly waterproof, and qﬁite
durable (37).

An 85<100 penetration asphalt cement was used for sll tests in
this investigation, This grade and type of asphelt is representative
of the asphalt used with mineral filler treatment on actual construction
brmjacts in the field,

~The test results iisted in Table I on page 16 indicste the
physical properties of the 85-100 genetratian esphalt cement used in
this study. The results are the average of four separate complete tests
on 40 gallons of asphalt, The individﬁal results of the four complete

tests are contained in Appendix B on page 122,

Mgggral Aggregate

Idsho Department of Highweys Pit Scurce Ads 53 is located 2
milek west of Milepost 6306.nn the Gowen Field Road near Boise, This
is one of the best sources of mineral asggregate in southwestern Idaho
and hence the aggregate was selected for use in this investigation,
Aggregate from this source has been used on a number of different
highway construction projects which have since had good performance

records,
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TABLE I

PHYSICAL PROPERTI?S OF 85-100 PENETRATION ASPHALT CEMENT

PROPERTY " RESULT

TESTS ON ORIGINAL ASPHALT

Penetration of Orig. Sample at T7° F., 100 gm., 5 sec, -89.
Flash Point, P.M.C.C, (°F,) ‘ 500+
Kinematic Viscosity at 275° ¥, (es) 267
Specific Gravity at 77°/77° F, ‘ 1,019
Selubility in CC‘lh (%) ‘ 99, Th ‘
Spot Test, Heptene Xylene Equivalent et 35% Xylene Negetive

TESTS ON EESIDUE FROM THIN FILM LOSS ON HEATING

~ Less on Heating at 325° P., 5 Hours (%) 0.0
Penetration at T7° Fo, 100 gm,, 5 see, ‘456‘
Ratio of Thin Film L.O.H. Pen./Orig. Pen.(%) 62,9
Ductility at T7° F., 5 cm/min (ecm) 100+

Megascopic Classificetion, The megascopic elassificatior; for
the source was developed by R. G, Charboneau, District Geologist for

Highway Departmentlnistrict Three in southwestern Ideho, The analysis
was done at the request of the author,

According to Charboneau, Ada 53 is from the Gowen Terface series
of the‘CaldwellaNampa sediments of the Pleistocene to Recent epoch of
the Quaternary period, These a&e late terrace gravels thsat ave
primarily medium-grained to toarse-grained asggregates principally

granitic in origin., The plus No. b eggregate is estimated to be:
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1, Granite and Biotite Granite - 36.2%
2. Porphyry (Different types) - 15,5%
3, Granodiorite - 1k, 8%
b, Olivine Basalt - 6.2%
5, Basalt = 5.6%
6, Diorite - 5,5%
7. Andesite - 3.7%
8,  Quartz Porphyry - 3.6%
9, Other - 8.9%

while the minus No, 4 aggregate is estimated to be:

1. Quartaz ‘ - L5%
2, Feldspar Orthoclese = L40%

Plagioclase = 60% Lo
3., Mica - 5%
b, Other = 10%

Gradation and Physical Properties, The aggregate, which was
obtained from a sﬁockpiiem had peén crushed to meet the Idsho Department
of Highways 1965 Standard Specifications for both a Class "D* Plante
mix Surface Course and & 3/b=in, Meximum Type “B" Aggregate Base Course.
This gredation is representative of that which would be used with
mineral filler treatment in both asphalt treated base courses end
plant-mix surfacing courses on construction projects in the field,

Sigce the aggregate obtained from the stockpile was evenly graded, it

was used as received without further processing.,
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The physical properties of the aggregate were determined by

standard American Association of State Highway Officials (AASHO) test
procedures or by standerd Ideho Department of Highways (Idsho T Method)
test methods. The specific test methods are listed in Section I=B of
Appendix A on pages 101 and 1020fw£§%cmplé€é'&ﬁﬁﬁﬁssian of the Idaho Deg-
redation Test is contained in an srticle by H. L. Day {38).

The gradation and physieal properties of.the mineral aggrega@g
are listed in Table II on page 19, Tﬁe fine gradation iz the average

of four wash tests made on different parts of the entire sample.

Mineral Filler

There is no generally accepted definition of mineral fillew,
Csanyi (1l) has defined mineral filler as thet fraction of & mineral
aggregate, flour, or dust present in an asphalt mixture that passes the
No, 200 sieve, However, in another report (16}, filler is defined as
the fraction of the mix material passing the No. 200 sieve, either as
part of the aggregate or of the so-called mineral filler, Tunnicliff
(5) takes a different approach and defines mineral filler as mineral
material which is suspended in ssphalt cement resulting in a cement of
stiffer consistency., AASHO Designstion M=17=42 states that mineral
filler shall consist of limestone dust, portland cement, or other inert
mineral matter and shall meet certain gradation requirements including
at least 65 per cent passing the No. 200 sieve, In this report mineral
filler is used to denote either-hydrated lime, portland cement, or

limestone dust,



TABLE II

GRADATION AND PHYSICAL PROPERTIES

OF MINERAL AGGREGATE FROM PIT SCURCE ADA 53

GRADATION  PHYSICAL PROPERTIES
Sieve Per Cent | k Test
Size Passing Progg?gz‘ Result
3/h" 100 Liquid Limit (%) No Value
5/8" 100 Plastic Limit (%) Non Plastic |
1/2" : 98 | Plastic Index (%) Non Plastic
3/8" 87 Sand Equivalent (%) 58
Noo 4 60 Fine Specific Gravity 2,60
No. 6 - 50 Coarse Specific Gravity 2,57
No. 8 ha Average Specific Gravity 2,59
No., 20 25. Coarse Aggregate Water '
‘ Absorption (%) 1.1
No., 30 21 Asphalt Absorption by
Aggregste (%) 1.3k
No, Lo 16 Qbs Anseles Abrasion Test
: (% Wear) ' 23,8
No, 50 11 'ld@bg Degradation Iest
No, 100 6 Original % Minus Noo 200 3 |
No, 200 L,0 ~ Final % Minus No, 200 | 10
Dust Ratio (%) 25 Original Sand Equivalent (%) 58
Final Sénd Equivalent (%) 33
# No. 200 Dust
% No, 40 * 100 = paeio
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Function. Tunnicliff (5) indicates that there are two general

theories regarding the function of minersl filler, The first theory
proposes that the filler, having a relstively very fine particle size
distribution, serves primarily to £ill the voids between the coarser
sggregate particles thereby reducing the size of the voids and
increasing the density sand stability of the cowmpacted mixture, Thus
the void space in the coarser aggregate is filled with mineral particles
passing the No, 200 sieve making the size of the voids sﬁallﬁr and tha
density of the mess greater. The second theory suggests that filler is
mineral material which is in colloidal suspension in the asphalt cement
resulting in & cement with a stiffer consistency, Thus the asphalt
cement is filled with colloidal mineral matter which increases its
viscosity, A complete discussion of both theories is contained in the
articles and papers reviewed in Chapter I under “"Pertinent Literature"
on pages 4 to 13,

There is no general agreement as to which of the two theories is
the most valid. It is quite possible that both theories are appropriate
depending ongs

1. the method by which the mineral filler is added to the

asphalt mixture9‘

2, the ‘ty'pe,'amcunt9 and particle size of the filler,

3 the amount of asphalt present in the mixture.

In support of the first theory Csanyi (1L} states:

In conventional mixing operations, observations and tests have
shown that only & small portion of the filler particles are

individually coated while a larger portion tends to form small
agglomeration of particles that are coated, and the remainder



adhering to the surfaces of the aggregate particles are costed
as integral parts of the aggregates, Regardless of the menner
in which filler particles are coated, they do, hovever, serve
to fill void spaces between aggregate particles,

However, he alsc reports thabs

It is generally recognized that filler particles may be
readily suspended in asphalts and that the finer particles will
remain in suspension longer than coarser particles. . o o
When & filler beccmes suspended in an asphalt, a mestic is
created that has a lower consistency, as measured by the
penetrometer, then the original asphalt cements o o« o A
mestic of this type is harder, stiffer, tougher, and possesses
8 lover temperature susceptibiliity lhen the original saphalt
cametit,

-

21

Since the portion of filler particles completely coated in conventional

mixing operations would be suspended in asphalt, the sbove statements
would also tend to support the second theory,

Kallas and Puzinauskas (13) support both theories with the

statement ¢

For example, if filler is sufficiently fine and the mixture
contains sufficient smount of asphalt, the mineral fines will be
located within the asphalt films and therefore change the binder
properties, In other words, it will act as & filler within the
asphalt itself, since it will replace a certain amount of agphalt
in the mixture, On the other hand, if the saggregate in the
mixture is well-graded, or if the mixture contains relatively
small quentities of asphalt and the asphalt films are relatively
thin, at least a part of the filler will contribute in producing
the contact points between the aggregste particles, This dual
role is peculiar to the mineral filler in the asphalt paving -
mixture and distinctly separates it from other mineral components
of that mixture,

There is, however, reasonably general agreement that the

addition of properly proportioned mineral filler to the asphalt mixture

provides increased stebility and better dursbility, According to

Tunnicliff (5) who supports the second theory, & particle of filler will

absorb & layer of asphalt which will entirely emclose the particle,
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Because of the surface energy of attraction between the particle surface
end the ssphalt, the sdsorbed layver of asphalt sgsures s different,
gtiffer consistency, The‘increase& gtebility iz believed due to the
stiffened asphaelt while the improved durebility is attributed to the
nature of the surface energy of attraction of the adsorbed fiim of
asphalt for the particle surfaeeo The existing surface energy mﬁst be
supplanted by energy from other sources such as watar;'dusﬁ, grit,
thérmal expansion or thermal contraction before surface course deterio-

ration cen take place,

Types Used, Hydrated lime was selected because of the past
favorsble experience with its use in Colorado as reported by Lowrie (17)

and in Uteh and Wyoming &s indicated by Eeger (2), The favorsble

“increase in Hveem Stability values shown by hydrated lime for inérgééing

ratios of filler to asphalt as containéd~in~the paper by Kallas,
Puzinauskas, and Krieger (15) also supported its use, Portland cement
and limestone dust were chosen because of their resady availability for
Idaho highwaey construction projects and their syitaebility as mineral
filler according to Warden, Hudson, and chell (11}, The lack of
sensitivity to water action of ail ﬁhree fillers as reported by Kallas
and Puzinauskas (13) further supported the decision to use them in this
study. Time and money limited the investigation to the use of three

mineral fillers,

Properties. Hydrated lime is caleium hydroxide in the form of

a fine powder with sbout 95 per cent passing the No., 200 sieve.
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Limestone dust is primarily caleium carbonate ground to & fine powder
with about 85 per cent passing the No., 200 sieve, Portland cement in
this investigetion is Type I portliand cement,
The bulk density, hygroscopic molsture content, specific gravity,
and particle size distribution were determined for each of the three
mineral fillers as used in this study. These values are shown in

Teble III and Figures 1, 2, and 3, respectively on pages 24 to 26,

TABLE 11X

PHYSICAL PROPERTIES OF MINERAL PILLERS

Bulk Kygr@éaopic
Densify Moisture Specific
Filler en/en ~ Content (%) Gravity
Hydrated Lime 0,75 - 1,01 2,45
Portland Cement 1,47 . 1.01 3,08
Limestone Dyst 1.53 0.0 2,70

Bulk densities in grams per éuhic centimeter were measured by
agitating a 100 cubic centimeter graduate filled with loose dry filler
until no further comsolidation could be cbserved, This indicates the
bulking property of the dry filler asccording to Kallas and Puzinauskaaﬁi
(13).

The hygroscopic moisture content was measured in conformance with
AASHO Designation T-88-57, The specific gravity of the limestone dust
was obteined in accordance with AASHO Designation T=100-60 while the

specific gravity of the hydrated lime and of the portland cement was
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determined according to AASHO B@ﬁignatien T=133=-L%, Particle size
distribution w;s obtained by the method of grain a1 ze snalysis
" described by Lembe (39},

A chemlesl analysis was submitted for the hydreted lime end the
limestone dust by their respective manufacturers, These are shown in
Table IV, Such an enalysis was not aveileble for the portland cement,
However, the cement was supplied from a pre-~itssted lot that met

specifications listed under AASHO Dosignation M=85=60,

TABLE IV
CHEMICAL ANALYSIE FOR HYDRATED LIME AND LIMESTONE DUST

Hydrated Lime Limestone Dust
(%) (%)
Free molst, 302 = e
~Insol. HCL » 2,51 = =
" R0, 00 b5 - -
Fe203 0,118 0,1k
A1203 0,332 = -
CaCo,, 1,43 97,62
ca;(on)2 92,94 - -
SOh Trace - =
Mg0 1,90 - -
co, 0,63 - =
IGN, Loss 23, 45 S
Aveil, Cal 68,02 - o
M‘gCO3 - e 0,70
Insoluble & Silica 1,54
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Limitetions, Warden, Hudson, and Howell (11} point out that

the filler in the aesphalt mixture must be non-critical; that is,
variations in the filler content in normal hot-plent mixing operations
must not cause undesirable qualities in the physical properties of the
surface course, Furthermore, the guantity of filler used must not
create operational problems in the mixing, placing end compaction of
the surface course, They also indicate that the filler must be
non=hygroscopie and ack lump, e%g ey bridge in the supnly bins,

Ceanyi (1h) points out that as filler content increases, the
brittleness and tendency of the surface course to dry out and crack
also incresses. Thus it is quite possible that poor quality aggregate
which now tends to dry out snd crack could be further sggravated in
that direction when combined with a mineral filler,

Use of a mineral filler mey also be limited by economic
considerations, Addition of a high percentage of filler may increase
the asphalt requirement of the mixture. This, together with the cost
of the filler, causes an increase in cost per ton of mixture that

could preclude the use of this type of trestment,



CHAPTER IIT

METHOD OF INVESTIGATION

The investigation was designed to esteblish which existing
routine 1abor€tory tests are the most significant in determining accu-
rate values for resistance to deformation, resistance to water action,
durebility, cohesicn, and strength of asphalt mixtures., Thus no effort
was made to analyze the chemistry involved between asphalt, mineral
filler, and mineral sggregate, That knowledze would be most valuable
but it is beyond the present means of the Idsho Department of Highways
to make the information available for the gﬁeat majormty of construction
prajectﬁo Detailed petrographic analyses are made on certain mineral
aggrega;e sources, but thet informetion is also limited to special

problems. Hence this study did not include such analyses.,

I, USE OF CONSTANT TOTAL SOLID VOLUME OF‘ ASPHALT AND
VIWERAL FILIER

Using & constant total solid volume of asphalt and mineral
filler with a constant solid volume of aggregate in constant total
volume specimens should permit accurate control of air voids, Such a
procedure has the advantgge'of minimizing the effects of varistion

in eir void content on the different test results,

Traxler and Miller (8) have stated that:
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o o o it has become clear that a consideration of the weight
relationships of the liquid and solid phases cannot lead to a
clarification and understending of the stebilizing action of the
filler, A bituminous mixture must be considered as composed of &
certain percentage by volume of bitumen combined with a certain
percentage by volume of the mineral or solid.

That recommendation is supported by McLeod (32} who points out thats
Because it provides s set of simple, easily understood basic
criteria not only for the design of paving mixtures but alsc for
enelyzing their performance in the field, it is believed that the
proper approach to the design of dense graded bituminous concrete
is not on & weight besis but of volume,

Kallas end Puzinauskas (13) also agree with this idea as they
remark that since different fillers vary widely inm specific gravities
or densities, it is believed that the use of the volumetric basis
provides for better comparison between specimens containing different

fillers,

Theo;x of Constent Total Volume of Agr Voids

It is generally sccepted eamong those associsted with highway

construction that & high air vgid content in an asphalt pavement
mixture can promote hardening of the asphalt end subsequent cracking of
the pavement, It was therefore decided to design the asphalt mixtures
with a constant totel volume of air voids so as to minimize the effects
due to variation in air vold content, This could best be accomplished
by using specimens of constant total volume containing a constant
solid volume of mineral aggregate and & constent total solid volume of
asphalt and mineral filler, Varying the individual solid volumes of
asphalt and filler to achieve the same constent total solid volume of

those two constituents would thus permit a clear and more direct
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evaluation of the effects of different fillers and filler concentrations,

The total volume of air veids will remain constant in specimens
of constant total volume with constant spiid volumes of sggregate,
asphalt, and filler, However, varying the individual solid volumes of
asphalt and mineral filler will vary thé nunber , but not the total
volume ; of eir voids in the mixture (15}, Hence, while the size and
shape of thé individual eir voids will change and the surface area of
aggregate and filler parti@l@é exposed to the air voids will vary, the
total volume of air voids in the mixture should not change, Thus the

effects due to varistion in air void content would still be minimized,

In making an asphalt mixture, the minersl filler can be:
1, mixed with the asphalt first end the combination added to
the mineral aggregate,"
2, mixed with the mineral aggregate first before the asphalt
is added,
In conventional hot-plant mixing operations the aggregate is first
dried and then placed in the heated mixing chamber, the miﬁeral filler
added end mixed with the aggregate, and then the asphalt cement added
and mixed with the aggregate and filler to complete the operamioncr
Accordingly, in this investigation the filler was mixed with the
aggregate first before the asphalt was added in order to simulate field

conditions,
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I, SELECTION OF TESTS

In selecting the physical tests to be used, only existing
routine lasboratory tests were considered, The different tests were
carefully reviewed to determine which ones best indicate the resistance

of an ssphaelt mixture to failure from asphalt absorption or stripping.

Absorption 1s the filling of part or all of the volume of ﬁﬁe
water permeeble pore space within the individual aggregate particles
with asphalt thereby reducing the emount of eaphalt availdbie for t@%f
cementing function (32), This is caused yartly by the moisture in éhe
aggregate pores being converted to expanding ges when heated in the
mixing process and drewing asphalt into the aggregate pores when the
gas is converted back to moisture during the cooling process. Stripping
is defined as the loss of asphalt films\fram sggregate surfaces in the
presence of moisture (40), |

| Stripping;espécigily can cause serious longitudinal or

"alligator" cracking in a surface course which cen lead to eventual
failure, Figures la, hb; yc, and 4d on pages 33 and 34 illustrate the
progression of this type of cracking due to stripping action. Sections
of the surface course involved were removed from the highway and ine
spected thoréughly to determine the cause of the problem. Exemination
of the asphalt mixture by the author and other engineers proved that
the cracking was primarily thé result of asphelt stripping.

In view of the primary concept of this study, no effort was

made to evalusbte the individuel problems of asphalt sbsorption or



Figure ba, Moderate Longitudinal Cracking Due to
Asphalt Stripping

Figure Ub, Serious Longitudinal Cracking Due to
Asphalt Stripping

33



s . a2 By e » 0 2 o
he, "Alligator" Cracking Due to Asphalt
Stripping

Figure hd, Pavement Failure Due to Asphalt-
Stripping g
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stripping as such, The meny complex reactions involved in these

problems are beyénd the scope of this investigation.

Tests Considered
Five different tests were evaluated as to sultaebility for use.

Four were selected for the reasons given inm the following discussions,

Cohesiameter Test, The Cohesiometer Test measures the cohesion

of cempacted ssph 28 by neasuring the force required to break

or bend the sample as s cantilever beam, The test produced somewhat
erratic results in the preliminary study (4), and tests made by the
California Highwey Department over a - 20-year period ;ho% tham there is
no deﬁendahle direct or consistent correlation between test procedures
such as the cohesiometer and the performance of surface courses,
Therefore, any ‘test results that have good correlation with the coe
hesiometer cennot be expected to correlate with surface course per—
formance (19)., In view of this, the Cohesiometer Test was dropped from
further considerstion.

Beletive Stebility Test, The Hveem Relative Stability Test

is a triaxial test that determines tlie resistance to deformation of
compacted asphalt mixtures by measuring the lateral pressure developed
from applying & vertical exial load, The specimens are not exposed to
moisture vapor during the test,

The Ideho Department of Highways has successfully used the Hveem
Relative Stability Test for surface course design since 1950 to predict
the ability of the surface course to withstand permanent deformation

under traffic loads. BSince Hveem stability values are primarily .
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influenced by the type and concentration of filler (15), end in view
~of the high degree of correlation between the test results and surface
course performence (19) (20) (21), the Hveem Relative Stebility Test
was selected for use, The test will often be referred to in this study
&8 the Relative Stability Test or just the stability test,

Moisture Vepor Susceptibility Test. The Moisture Vapor

Susceptibility Test consists of %ﬁé Hveem Relative Stebility Test being
performed on specimens which have been exposed to moisture vepor for s
stated period of time, The Moisture Vapor Susceptibility Test has been
used successfully by the California Highway Department for & number of
vears to predict the effect of moisture vapor on the stability of an
asphalt mixture, Because it has been successfully correlated with
actual pavement performance (23}, this test wes selected for use,

Immersion-Compression Test, The Immersion-Compression Test

measures the loss of cohesion resulting from the action of water on
compacted Qsphalt mixtures, It compares the unconfined coampressive
strength of freshly molded and cured specimens with the unconfined
compressive strength of duplicate specimens that have been immersed in
water under prescribed conditions,

The Idaho Department of Highways has been using the Immersion-
Compression Test for several years to determine the effect of water on
the compressive strength of asphalt miztures, While there has not as
yet been adequate opportunity to correlate test results with actual
surface course perf&rmanéeg it is believed that the test provides

relisble results, As other states have expressed confidence in this
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test (2) (17), it also was selected for use, .

Mignesota Cold Water Abrasiom Test., The Mimnesota Cold Water
Avrasion Test utilizes the ebrasive action of one specimen upon sncther
Gue to rotatiom of the specimens in & water-filled Deval cylinder, The
test was selected primarily beceause it is an dbrasion.type af test and
because it has been used successfully by the Mimmesota Highway Depart-

ment to evaluate the durebility of mixtures to asphalt stripping (28).

III, SPECIFIC GRAVITY OF AGGREGATE
Specific gravity is normally considered to be the retio of the
weight of a substance in air to the weighfiin'air of an equal volum&l
of water, However, becauyse minergl aggregate is a porous medis which
absorbs asphalt in,pért of its pores, several types of specific
gravity can be used to detergine the density Qf'aggregate in an asphalt

mixture,

Iypes Considered

Four‘different types of specific gravity are commonly used to
determine the:dehsity of minefal aggregate, Each type will provide a
differant value for the aggregate density..

Aggarent Specific Gravity. Apparent specific gravity is the -
‘ratio of the weight in eir of a given volume of the impermeable portion
of a permesble sggregate to the weight in air of an equal volume of

water (30)., Use of this specific gravity in connection with an asphalt

mixture assumes that all water permeable aggregate pores are filled with

asphalt. This is an erroneocus assumption.
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Bulk Specific Gravity., Bulk specific gravity is the ratio of

the weight in air of a given volume of & permeable aggregate to the
weight in alr of an equal volume of water (30), Use of this specific
gravity in connection with an asphalt mixture assumes that no water
permeable aggregate pores are filled with asphalt, This also is an
erroneous assumption,

Bulk~Impreg

neted Specific Gravity, Bulk-impregnated specific

T T e NP s i e B - - .
gravity is rabio of it air of a

permeable  agy » in ailr of an equal volume of water

minus the weight of the volume of asphalt sbsorbed by pores which are
permesble to it (30), Use of this gpecific gravity in comnection with
an asphalt mixture assumes that the asphalt ebsorption can be accurately

measured, This is quite difficult to do.

Meximum Specific Gravity (R%aa Method)., The meximum specific
gravity is the ratio of the weight in air of a given volume of asphalte
“ceated aggregate and mineral filler (if present) to the weight in eir
of an equal volume of water (4l), Use of this specific gravity in
connection with an asphalt mixture permits the determinstion of the
actual specific gravity of the mixture particles as they comprise

the specimen,

IV, DETERMINATION OF AIR VOIDS

The accurate measurement of air voids in an esphalt mixture is
& necegsary part of the design of a durable surface course, As the

measured value of the air volds depends on the specific gravity of the
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mixture, it is most important that the type of specific gravity used

determine the true specific gravity of the mixture particles,

Use of Average Specific Gravity

Average specific gravity is the sum of the bulk specific gravity
multiplied by the percentage of plus No, L mineral aggregate and the
apparent specific gravity multiplied by the percentage of minus No., b
mineral ag fdgme; in the specimen, Average specific gravity when
multiplied by the unit weight of water provides the unit solid weight
of eggregate from which the percentage of voids in the mineral aggregate
is calculated, By subtracting the volume of asphalt present in the
mixture from the percentage of voids in the mimra;l. aggregate ; the
percentage of alr voids in the mixture is determined. This has been the
standard method used by the Ideho Department of Highways in the past
to determine the percentage of air voids in an asphalt mixture,

Use of average specific gravity assumes verying emounts of
asphalt absorption by the asggregate since it is based upon the coarse
aggregate absorbing no asphalt and the fine aggregate abscwfring, all
possible asphalt, Recent experience by the ldeho Department of Highways
has shown that use of the average specific gravity gives a lower
percentage of air voids than is actually the cese, Accordingly, the
Idsho Department of Highways no longer uses this method in the design

of plant-mix surface courses,
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Maximum specific gravity when multiplié& by the unit weight
of water provides the unit solid weight of aggregete plus esphalt pigs
mineral filler, By dividing the unit solid weight of the comstituents

/

into the unit'weigﬁt of the specimen and subtracting the dividend from
100 per cent, the sctual pereen?age of air voids in th; asphalt nixture
can be determined, This procedure is nov the standard method used by
the Idaho Departument of Highways for determining the percentege of air
volds in sn asphallt cement mixture,

Use of the maximum specific gravity method does not depend upon
neagurement of the asphalt absofbed py the aggregate particles, It
determines the specific gravity of the asphelt coated particless as they
exist in the mixbture and permits an sccurate eaiculatioﬁ to be mede of N

the actual alr voids in the specimen, According;y, the meximum specific

gravity method wes selected for use in this study.

Vo IRIAL MIXTURE SERIES

In designing an asphalt mixture, an estimate of the smount
of asphalt required is made by use Qf the Centrifuge Keroseme Equivalent
(42). A set of trial mixture specimens is then developed using various
esphalt ratios greater than end less than the Centrifuge Kerosene
Equivelent velue. Relative stability value, aggregate weight per
cubie foot, and percentage of alr voids are sscertained for each trial
mixture specimen and the different respective values are plotted on a

graph, The optimum ssphalt ratioc is then determined for the mixture
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from the best combination of values for relative stability, aggregate
weight per cubic foot, and percentage of eir voids, This process is
called & trial mixture series oy simply e trisl mix.

A set of trial mixture specimens was developed for each type
and amount of mineral filler investigated., ¥From the results as
explained above, it was possible to determine the cptimum ssphalt ratio
and corresponding relative stebility value, weight per cubic foot, and
percentage of air voids for each particular type of mixture, These
values were then used for comparison at a later time with corresponding

values from actual test specimens having asphalt ratios specifically

designed to be above or below optimunm,

Selection of Amount of Minersl Piller

From past experience it was known that the practical limit on
amounts of hydrated lime, portland cement, and limestone dust that can
be used in en asphalt mixture is approximately 3 per cent for hydrated
lime, 4 per cent for pértl&nd cement, and § per cent for limestone dust,
Use of greater amounts of filler either cause the mixture to be too
dry within the range of practical esphalt retios or do not normally
improve the desired physical properties of the mixture.

By using greater esmounts of each type of filler, however, asphalt
mixtures could be ﬁevel@p@& that should have higher relative stability
valuesg , higher abrasion losses, and lower compressive strengths than
the corresponding values for specimens containing the practical 1limit

of filler,
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Moreover, by using smaeller amounts of filler than the practical limit,
esphalt mixtures could be developed that should have lower relative
stability vaelues, higher sbresion logses, and lower compressive
strengths then the corresponding values for specimens containing the
practical limit of filler, Hence the use of three different smounts
of each type of mineral filler would prevideﬁa:greater range of test
valués from which the different tests could be move affectively
evaluated,

Trial wmixbure specimens were made for 1%, 3%, and 6% hydrated
lime by weight of aggregate end the optimum ssphalt ratics were
deternined in accordance with Section II of Appendix A on page 102,
However, upon meking a test specimen for each combination, it was
obvious that the use of 6 per cent hydrated lime made that particular
specimen too dry, Specimens containing It per cent smd 5 per cent
hydrated lime were then made and it became cbvious that I per cent
hydrated lime was the maximum smount thet could be used. Thus the
types eand amounts of minééal filler by weight of aggregete used to make‘
the test specimens for the four different tests were:

l, No filler

2, 1%, 2,5%, and 4% hydrated lime

3. 2%, W%, and 6% portlend cement

b, 2%, 5%, and 8% limestone dust

The Centrifuge Kerosene Equivalent value waes determimed for each

of the dbove nixture combinations, From those values it was evident
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that trisl asphalt ratios of W%, 5%, 6%, and T% were appropriate for
all mixture combinations except that for U per cent hydrated lime which

required trial asphaelt retios of 5%, 6%, 7%, and T.3%.

Considersble difficulty’waﬂ experienced in achieving repesgte
ability of values for relative stebility, specimen weight per cubie
foot , and percentage of air veids in four of the trial mixtufe specinemw
series, Those series were performed as many ss four times before
representative values eﬁuld be attained, It was thus decided to
examine the effect of temperature conf:ol on these values st critical

stages of specimen development,

Effgct of Temperature Control .

A set of five éyecimana containing 2 per cent limestone dust
was prepered on each of 2 different &dys with no temperature control.
Next, a set of ten specimens was prepared on the same day with accurate
temperature control and a set of five specimens was prepared on gach of
2 different days with accurate temperature control. All specimens were
prepared and tested for relative stability, specimen weight per cubie
foot, and percentage of air veids. This permitted avaluation‘of bdth
temperature ceatral'gnd preparation of specimens on differani deys as
compeared ﬁith the seme day. “

The coefficient of varistion for the differnﬁt conditions end
properties is shown in Teble V on page Ui, The results of this

limited investigation do not seem to indicate that temperature control
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improves the repeatability of the values involved, However, at least
two reports (35) (36) state that vea ions in the mixing snd come
pacting viscosities of asphalt concrete produce changes in stebility,
density, end volds of the canpacted mixtures, Thus the mixing and come
pacting temperatures of all 9pé@ime§$ were controlled throughout this

research project,

TABLE V

EFFECT OF TEMPERATURE CONTROL ON THE COEFFICIENT OF VARLATION
FOR S8TARILITY, SPECIMEN WEIGHT PER CUBIC FOOT, AND

PERCENTAGE OF AIR VOIDS IN SPECIMENS
CONTAINING 2% LIMESTONE DUST

Coefficient of Variation Por Specimen
Percentage
Ne Tempersture Control Staebility thfFﬁos of Air Voids
Set I of Five Specimens 6,76 0.29 3.1k
Set II of Five Specimens 3,92 0,41 11,78
Tempersture Control
Set of Ten Specimens 2,75 © 0,30 T.10
Set I of Five Specimens Ts3h 0.55 6,91
Set II of Five Specimens 5,13 1,07 14,59

Selection of Optimum Asphalt Ratios

Optimum asphalt ratio is defined as the percentage of asphalt
in a mixture calculated by weight of asggregate plus minersl filler (if
present) that provides the most advantegeous combination of relative

stability, aggregate weight per cubic foot, and percentage of air voids
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values for the mixture, The optimum asphalt ratio is also called the
optimum asphalt content. However, since optimum asphalt ratio is
the more commonly used term, it shall be used in this study.
The minimum permissible value for relative stebility is 35
for heavy traffic while the percentage of air voids should be between
3 and 5 per cent (43}, The sggregate weight per cubic foot is chosen
to be as high as possible within the limitations designated for the
ralative stability and percentage of air veoids, The average values of
relative stebility, aggregute weight per cubic foot, and percentage of
air voids plotted egaeinst ssphalt ratio for each different type aﬁé
emount of filler used sre shown in Appendix C on pages 12h-to 135,
Several factors had to be considered in selecting optimum
asphal@ ratios for this imvestigation. The optimum esphalt ratios for
the control mixtures conteining no filler, 2,5 per cent hydrated lime,
& per cent portlend cement, and 5 per cent limestone dust were selected
first, keeping in mind:
1. the problem of repeatability for stability, aggregate
weight per cubie foot, and air voids in test specimens
to be developed,
2, the specification limitations on those values,
3. the rate of change of the slope of the relative stability
curve ,
L, the variations in filler-asphalt ratic planned for the

S

other six mixture combinations,.
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Analysis of the different curves in Appendix ¢ indicated that the
percentage of alr voids for the control mixtures would have to range
between 5 and 8 per cent and that the minimum ﬁermissible relative
stebility value would have to be lowered to 30 for light traffic for
some coubinstions of mixtures, Using & minimum relative stability
value of 30 would not create any problems, however, since the important
Tactor would be the relationship of other stability values to the
control stability value rather than the magnitude of the control
stability value itself, |

Obtimum asphalt ratios for the :emaining six mixture combie
ngﬁions were chpseﬁ only to obtain the most favorable edmﬁination of
relative stability, agsregame.waight‘pgr eubié foot, ana‘percentage of
air volds for the perticular mixture. These were needed for comparison
with the respectiv&ﬁvalues obteined by planned vari&tioms in fillerm‘
asphalt ratio for the same mixture comﬁinationso The optiman a.sph;.:l.t
ratios for all ten mixture combinstions together with their respective
relative stebility, aggregate weight per cubie foot, and air voids

values at the optimum asphalt ratio are shown in Table VI on page W1,

VI, TEST SPECIMENS
Test specimens for the four different tests were preﬁared
using the types end amounts of mineral filler by weight of aggregate
indiaate& on page 42, The test specimens were developed after all
trial mixture series had been completed and the corresponding optimum

asphalt ratios selected,
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TABLE VI

OPTIMUM ASPHALT RATIO WITH RESPECTIVE VALUES OF RELATIVE STABILITY,
AGGREGATE WEIGHT PER CUBIC FOOT, AND PERCENTAGE OF
AIR VOIDS FOR DIFFERENT MIXTURE
COMBINATIONS USED

Optimun. ' T
Asphalt ' Aggregatg Alr
Ratio Relative Wto /Ft, Volds
Filler (%) Stebility (Lbe/Fh.o) (%)
No filler 700 ha 128,9 T2
1% hydrated lime T.0 37 129.5 6,1
2,54 hydrated lime 6.8 37 130.0 7.3
3% hydrated lime 6.8 30 130,0 61
L% hydrated lime 6.7 30 131,0 To2
6% hydrated lime 7.0 32 127.0 8.2
2% portlend cement 7.0 L6 . 130.b 57
4% portland cement 6.8 33 131.b 548
6% portland cement 6.1 37 1343 6.2
2% limestone dust 6.9 37 130.5 6ol
5% limestone dust 6.3 30 132,8 5,2
8% limestone dust 5,9 31 133,k 6.1

Mixture combinations containing no filler, 2.5 per cent
hydrated lime, 4 per cent portland cement, and 5 per centilimesténe:dust
were used as basic control mixtures, Optimum asphalt ratios were also
used in the basic control mixtures, A eenstent total solid volume of
asphalt and minersl filler was determined for each comtrol mixture
containing a filler, end that same total solid volume of asphalt and

filler was used in the other two mixture combinations containing that
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filler, By replacing a given solid volume of asphalt with an equal
solid volume of filler (or vice versa) to achieve the planned
percentages of each type of mineral filler, it was possible to examine
the effect of three different filler-asphalt ratios on the different

test values for mixtures containing a particular type of filler,

The filler-asphalt ratio is defined in this investigation as
the ratio of the volume of mineral filler used in the mixture to the
volume of asphelt used in the mixture, BExperience has ahéwn that the
ratio of these two constituents fluctuabtes to a moderate degree (and
sometimes feirly widely) during normel hoteplant mixing operations,
Thus , it is necessery to determine the effect of variation in design
ratio of the two comstituents on the physical properties of the
surface course, Furthermore, by designing plemnned variations in
this ratio, it would be possible to see which test or tests best
evaluate the dlfference in values. Analysis of these two major factors

is of paramount importance to the success of this study.

Asphelt Ratios Used

The principle of using the highest possible asphalt content in
a paving mixture consistent with maintaining adequate stebility has
been proven sound by experience (12}, It has been shown, for instance,
that the higher the asphalt content, the longer the fatigue life of the
surface course (Lh). Thus the asphalt retios used were chosen to be as

high as possible consistent with other requirements.
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An example of the method used to determine the asphalt ratio in

the test specimens for esch different £filler combination is conteined
in Appendix A on page 10T. The asphalt rstios and filler-asphalt ratios

for each different mixbture canbination are eontained in Teble VII ,

TABLE VII

PLANNED ASPHALT RATIOB AND PILLER-ASPHALT RATIOS POR
DIFFERENT MIXTURE COMBINATIONS USED

Asphalt Filler-
Ratio Asphaelt
Filler (%) ; Ratio

o filler 7.0
1% hydrated lime ' To5 0,054
2,5% hydrated lime 6.8 0,146
4% hydrated lime 6.1 0.257
2% portlend cement To$ 0,084
4% portland cement 6.8 0,184
6% portland cement 6.1 0,302
2% limestone dust T.6 0,095
5% limestone dust C 6.3 0,281
8% limestone dust 5.1 0,538

Asphalt ratics shown in Table VII are
referred to as planned asphalt ra.tiaé since they were caleulsted as

indicated sbove, All tes“t; specimens f”car‘the Relative Stebility Test
4md the Moisture Vapor Suscepbibility Test were developed using only

planned asphalt ratios,
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By accident both the Minnesota Cold

Water Abrasion Test and the Imnersion-Compression Test were initially
completed with all specimens having optimum asphalt ratios of T.0%, -
6.8%, 6.8%, or 6.3% for specimens conteining no filler, hy&rated~l§mg,
pertland cement, or limestone dust, respectively., Results frem those
two particular sets of tests will be referred to as for specimen# with
indicated ;nphalt ratios, |

Bpth the Minnesota Cold Water Abrasion Test and the Tnmersione
Compression Test were run e second time using the planned esphalt ratios
ghown in Table VII, Results from thaﬁe'two particulaf sets of tegts

will be referred to as for specimens with planned asphalt ratios,

VII, RELATIVE STABILITY TEST
Relative stebility is defined as the ability of an asphalt

surfeace course to resist plastic deformation under repeated siress
-eemditiéns developed by vehicle traffic or intermittent loads (L5).

Thus the Hveem stabilometer furnishes a method of measuring the internal
friction of an asphalt mixture qnder‘loudo Btability test values are
relative in that they indicate lateral deformation relative to axisl
load,

The Relative Stebility T@st'praccdure is outlined in detail in
'Seﬁtien IV of Appendix A on page 108 , Five test specimens were made
for each set since the use of more test specimens does not further
decresse by eny significant emount the probability of a larger value
of ‘Student’s "t" at the 95 per cent confidence level (U6),
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Particl@ Griegtatian

Compaction of the test specimen by means of the knesding com=
pactor permits simulation of the actual particle orientation obtained
when the mixture is compacted both initially on & construction project
and later by the action of traffic. When & surface course is cone
" structed in the field, the rolling process by the breakdown , interme-
"diate@ and finishing rollers tends to orient the mixture perticles in

dinths

. 1 PN SRR P e e pegn Bathe e o cnbs & P P — P R P
a particulasr pattern depe: % wpon the particle 1 ¢ #ize, and shape.

The orientation is continued by the compactive effort of traffic,
Experience has shown that the kneading compactor develops the same
general pattern of particle orientation in the mixture while come

paéting it as a test specimen in the laboratory (LT),

Constant Total Volume of Specimens

As the kneading @émp&&t@? supplies a constant pressure during
compaction of the specimen, it was yimﬂned to vary the leveling load
sfter campéﬁtian to obtain the necessary constant total volume for all
test specimens &antaining & particular type of filler. This procedure
was not entirely successful in all ceses in that mixtures containing
L per Qeét hydrated lime and 8 per cent limestone dust could only be
compressed to & minimum volume that was slightly larger than that of the
rest of the specimens, However, the amount of difference was not

believed serious enough to warrant modifying the procedure.

Measurement

Considerable difficulty was experienced in cbtaining an accu-

rate measurement of the height of specimen needed for comstant volume,



52
Since the applicstion of the leveling lgad usually formed the-top
surface in a plane that was not exactly parallel to the plane of the
botton suprface, it was necessary to take the avar&ga‘@f heights mease

ured at the edge of the quarter points as the height of @p@@im@mg

VIII, MQISTURE VAPOR SUSCEPTIBILITY TEST

The Moisture Vapor Susceptibility Test is the Reiativa Stebility

T5=hour period of exposure to moisture vapor. As in the Relative
Stebility Test, the specimens for the Moisture Vapor Susceptibility
“Test are tested for relative stability and percentage éf moisture and
volatiles in the spgmim@ﬁo 'The detailed t@sﬁ procedure ié contained in
Section V of Appendix A on pege 112, Comments on number of test sp&ém
imens, partiéle @rienﬁatian; constant ﬁétal volume of specimens, end
height messurement made previously regarding the Relative Stability

Test are applicable to the Moisture Vapor Susceptibility Test.

1X, MINNESOTA COLD WATER ABRASION TEST

The Minnesote Cold Water Abrasion Test measures the loss of
materiel from the test specimens due to the abrasive sction of the
specimens upon each other. Loss of material is termed abrasion loss
end is measured as a percentage of the original specimen weight., The
conplete test pré@@dur@ is @@ntained in Seetion VI of Appendix A on
. pege 1ll, Each set tested was made up of eight specimens 2 in. in

diameter and 2 in. in height.
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The test procedure T@@ﬁizes the density of esch specimen to be
nine-tenths of the density of the correpponding Reletive Stebility
Test specimen with the same type and amount of mineral filler, This
necessitated accurate density determination for the Relative Stability

Test specimens.

Aggregate CGradation

s,

The asphalt mixture was screened over & heated 1/2-in, sieve

af'ter all specimen componente were thoroughly mixed to ser

~the plus 1/2ming!aggf@ga$@ particles, Thus only that part of

mixture paessing the 1/2-in, sieve was used to mold the specimens,

Eveluation of Reduced Asvhaelt Contents

Review of both initisl sets of Minnesota Cold Water Abrasion
Teat results revealed that all 6f the test values were conceptrated
in the low range of from 1.1 pef cent to T.0 per cent abrasion loss with
&ll but one value being in the range of from 1.l per cent to 3.7 per
tent abrasion loss. This was consistent with the results of previous
ieéts performed in the University of Idaho Materials Testing Leborstory
(4,

Study of the original paper (28) from which the test was devele
oped showed that the ssphalt rgtia&»used range from 3.7% per cent to
5,3 per cent with the great majority being from 4.0 per cent to 5.0
per cent, As the asphalt ratios in this investigstion range from 5.1

per cent to 7.6 per cent, the question arcse as to whether this test
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was meaningful when higher asphalt retios were used,

A short series of bests were thus conducted using specimens cone
taining no mineral filler with asphalt ratios of 6,0%, 5.0%, L.0%, and
3.0% to determine roughly st what critical asphalt ratio the ebrasion
loss exceeded 15 per cent, the criteria established by the Minnesota
Highway Department for meximum permissible abrasion loss, Once the
eritical asphalt ratio was roughly determined, eancther series éf tests
was conducted using esphalt ratios of 0.2 per cent difference on either

side of the critical ratio to exemine that range more closely,

X. IMMERSION=COMPRESSION TEST

The Immersion=-Compression Test compares the unconfined compres—
sive strength of dry specimens with the unconfined compressive strength
of duplicate specimens that have been immersed in water. Immersed
specimens are also gommonly referred to as wet specimens,

A compression test on unconfined specimens is primarily a
measure of cchesion rather than of internal friction (48), The test
procedure is outlined in detail in Section VII of Appendix A on page 118,
Five test specimens were used for reasons explained in connection with

the Relative Stability Test on page 50,

Density of the test specimen is controlled entirely by the test
procedure, Test specimens are cylinders 4.0 in. in diameter end
4.0 z 0ol in. in height which ere compressed by the double plunger

method using & load of 3000 psi for 2 minutes, Thus enough mixture
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must be placed in the mold to form & ﬁpacimen.meeting'the gbove

conditions.

Wet specim&ns.were immersed in water for 2L hours at 1k0° ¥,
before being tested for compressive strength rather then being immersed
for U dmyslat 120° ¥, Both options are contained in the standard test
procedure, The 2u-hour immersion period was selected because others
heve shown that there is very close agreement between the l-day values
at 140° P. and the b-day values at.léﬁ@ ¥, (48}, It is believed that
the leday immersion period at 1ko° FoJr@presents & condition that is

more severe then those normally encountered in the field (13).



CHAPTER IV
TEST RESULTS

All pertinent results for the four different tests are listed
in the various tebles conteined in this chapter, The tables are
placed at the end of the section involved.

It is to be remembered that both the Reletive Stebility Test
and the Moisture Vapor Susceptibility Test provide relative stability
values and percentsges of moisture and volatiles in the specimens,
However, the specimens in the Moisture Vapor Susceptibility Test have
been exposed to moisture vepor while the specimens in the Relative
Stability Test have not been so exposed,

There are two different sets of test results for the Minnesots
Cold Water Abrasion Test and also for the Immersion-Compression Test,
Fpr each of the two different tests, one set of results ﬁill be for
specimens having planned asphalt ratics while the other set of results
will be for specimensvhaming in&icated asphalt ratios., Use of the two
different ssphalt ratios has been explained on pages 4o and 50.

Coefficient of vari%miop has been used to show the veriebility
of individual values in sets of relative stability values and also in
sefs of unconfiined compression strength for boﬁh wet and dry
ImmersionQCanpress§on>Test specimens, Coeffiéient of variation is a
quentity used to evaluate variebility in results from seperate tests of
the same typeo It is defined as the standard deviation of the indi=

vidual values expressed as a percentage of the mean of the individual
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values, Expressed as & formule it would be:

180 z stenderd deviation

Coefficient of variation =
nean value

To know whether or not a perticular ccefficient of variation is too
large requires experience with similer data, It is & velative

measure of variation (L&),

I, RELATIVE STABILITY TEST

Relative stability values and theiyr @mxraspmmdimg_c@@ffi@iemt
of variation are the two most important results from the Relative
Stability Test. Percentage of air voids, aggregate weight per cubic
foot, and percentage of moisture and volatiles in the gp@@i&@nﬁ are
supporting data. ALl test results aré used for comparison with
corvesponding vealues from the Moisture Vepor Susceptibility Test and

the trial mixture series,

Relative Stebillty Values

Individual stebility values for the different mixture combi-
nations are shown in Table VIII on page 58 together with the average
stability values and the coefficients of variation for the individual
valuése Average stability values for three of the four control
mixtures (no fillerg L per cent portland cement and 5 per cent limestone
dust) are reasonably close to the design velues shown in Tsble VI
on page LT for those combinstions, However, the average stebility
value for the remeining control mixture (2,5 per cent hydrated lime)

is much lower then its counterpart in Table VI,
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TABLE VIII

RELATIVE STABILITY TEST VAULES FOR RELATIVE STABILITY

Average Coefficient
Relative Relative of
Stebility Stebility Variation
Filler Values Value (%)
No filler s, 45, 45, Lo, s1 L5 8.6
1% hydrated lime 20, 34, 20, 31, 30 27 o2h4,3
2,5% hydrated lime 32, 24, 28, 23, 25 26 13,8
4% hydrated lime L3, 42, ko, ko, Lo L1 3.k
2% portland cement 21, 33, 21, 22, 25 2k 20,8
4% portland cement 30, 30, 28, 36, 25 30 13,5
6% portland cement 37, 43, 45, b2, L3 L2 To1
2% limestone dust 15, 20, 18, 19, 18 18 10,k
5% limestone dust 2k, 25, 28, 22, 32 26 1k.9
8% limestone dust k2, 41, kb, L6, ks Lk L7

ght per Cubic Foot, and Moisture and Volatiles

Alr Voids, Aggr

Average velues for percentage of air voids, aggregate weight
per cubic foot, and percentage of moisture and volatiles in the
specimens are included in Table IX on page 59, Average values for-
aggregate weight per cubic foot and percentage of air voids for the

four control mixtures are reasonably close to the design values in

Table VI on page 4T for those combinations,

I, MOISTURE VAPOR SUSCEPTIBILITY TEST

Relative stability values, their corresponding coefficient of
variation, and the percentage of moisture and volatiles in the speci-

mens are the three most important results from the Moisture Vapor



59
Susceptibility Test., Percentage of aié voids and sggregate weight per
eubie foot are supporting data, All test results are used for com= ‘
parigon with corresponding velues from the Rélative Stebility Test and

the triel mixture series.

TABLE IX
RELATIVE STABILITY TEST VALUES FOR THE AVERAGE PERCENTAGE OF
AIR VOIDS, AGOREGATE WELGHT PER CUBIC FOOT,
AND PERCENTAGE OF MOISTURE AND

VOLATILES IN THE SPECIMENS

i

Average - Average Moisture

Ay Aggregeat &
Voids W‘to / F‘tg Volatiles
Filler (%) o {1u/8e”) (%)
No filler | Tol  128,2 0,033
1% hydrated. lime b5 129,7 0,159
2.5% hydrated lime 6ol 129,8 0,068
4% hydreted limt 803 127.6 0,147
2% portland cement 4.6 130.8 0,048
4% portland cement 5,6 132,0 0,076
6% portland cement 5,8 133,5 0,116
2% limestone dust 3.4 13046 0,015
5% limestone dust 6,0 132,0 0,050
8% limestone dust 9ol 131,0 0,020

BReletive Stability Values

Individual reletive stability values, the average relative
stability values, and the coefficiénts of variation for the individual

values are shown in Teble X on page 60, Stability values for the four



60
control mixtures cennot be compared with the corresponding design values
in Teble VI on page 47 since the specimens were exposed to moisture

. vapor before the stability values were obtaimed,

TABLE X

MOISTURE VAPOR SUSCEPTIBILITY TEST VALUES FOR RELATIVE STABILITY

Filler »

No filler ; 36

1% hydrated lime 29, 33, 32, 32, 26 30 9.5
2.,5% hydrated lime 30, 27, 29, 29, 25 28 Tol
L% hydreted lime 28, 29, 25, 33, 28 29 10.1
2% portland cement 19, 1k, 20, 17, 12 16 20,5
L% portland cement 2T, 17, 17, 25, 20 21 21,7
6% portland cement 3k, 28, 36, 37, 32 33 10,7
2% limestone dust 20, 18, 20, 24, 15 19 16,9
5% limestone dust 23, 23, 22, 23, 20 22 5.9
8% limpstone dust L2, ks, L, k6, 51 L6 Toh

i ,
¢ Foot, end Moisture and Volatiles

4

~ Average values for é@rcentage gf air voids, aggregate weight
per cubic foot, and percentage of moisture and volatiles in the
specimens eare conteained in Table XI on page 61, Average values for
percentage of air voids and aggregate weigh# per cubie foob for the
four control mixtures are reasonably close to the design values in

Table VI on page 47 for those particular combinations.
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TABLE XI
MOISTURE VAPOR SUSCEPTIBILITY TEST VALUES FOR THE AVERAGE
- PERCENTAGE OF AIR VOIDS, AGGREGATE WEIGHT PER
CUBIC FOOT, AND PERCENTAGE OF MOISTURE AND

VOLATILES IN THE SPECIMENS

Average Average Moisture
Alr Aggregatg &
Voids Wto/Ft,~  Volatiles
Filler (%) (1b/£t7) (%)
No filler 6.9 129,1 0,384
1% hydrated lime 5.3 1209,7 0,203
2,5% hydrated lime 6,0 130,k 0,42l
4% hydrated lime 9.2 127,8 0,539
2% portland cement L5 130.7 0.262
1% portland cement o L. 8 132,7 0.251
6% portland cement P ¢ 134.2 0,346
2% limestone dust k.2 13009 0,252
5% limestone dust Lo.L 133.2 0,299
8% limestone dust 8.9 131,k 0,393

III, MINNESOTA COLD WATER ABRASION TEST

Specimens having pianned asphalt‘ratios, iﬁdicaﬁed asphalt
ratios, and reduced asphelt contents were all evaluated by the
Minnesota Cold Water Abrasion Test. Planned asphalt ratios and
indicated asphalt ratios are explaiﬁed'an“pages L9 and 50, Reduced

asphalt contents are discussed on peage 53,

Abrasion Loss
Abrasion loss is the only test result from the Minnesota

Cold Water Abrasion Test, It is the loss of material from the
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specimens measured as & percentege of the original specimen weight.

=)

pecimens with Plenned end Indicated Asphalt Ratios. Abrasion
losses for the specimens with planned asphalt ratics are included in
Table XII together with the abresion losses for the specimens with

indicated asphalt ratios,

TABLE XII
MINNESOTA COLD WATER ABRASION TEST VALUES FOR ABRASION LOSS FOR
SPECIMENS HAVING PLANNED ASPHALT RATIOS AND FOR

SPECIMENS HAVING INDICATED ASPHALT RATIOS

Plenned Indicated
Asphalt = Abrasion Asphalt  Abrasion
: Retio Loss Ratio Loss
Filler (%) (%) (%) (%)
No filler To0 2,9 7.0 3;5
1% hydrated lime - To5 3,0 6.8 2,3
2,5% hydrated lime 6.8 2,3 6.8 -
L% hydrated lime 6.1 3,0 6.8 3.6
2% portland cement To5 2.h 6.8 1.1
4% portland cement 6.8 2.9 6.8 2.3
6% portland cement 6.1 3.2 6,8 1.k
2% limestone dust To6 3.7 6.3 2.8
5% limestone dust 6.3 . 3.5 6.3 - 1.9
8% limestone dust 5,1 7.0 6.3 363

Specimens with Reduced Asphalt Ratios, Abrasion losses for
specimens containing no fillef with reduced asphalt contents are |
contaiqed in Teble XIII on page 63, Abrasion losses for specimens
tested in ean earlier pilot study et the University of Ideho Materials

Testing Leboratory (L4) are shown in Teble XIV on page 63,
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TABLE XIII
MINNESOTA COLD WATER ABRASION TEST VALUES FOR ABRASION LOSS
FOR SPECIMENS CONTAINING NO FILLER WITH
REDUCED ASPHALT RATIOS

, —_— , ,
Asphalt Abrasion Asphalt Abrasion
Ratio Losgs Ratio Loss
(%) (%) (%) (%)
600 308 hoh uos
5,0 602 - 16.6
4.0 18.1 k0 18.5
3,0 Fell apart 3.8 31.7

when removed
from mold 3.6 h3.2
TABLE XIV

MINNESOTA COLD WATER ABRASION TEST RESULTS FROM UNPUBLISHED
IDAHO DEPARTMENT OF HIGHWAYS REPORT ENTITLED
"ANALYSIS OF MINERAL FILLER INVESTIGATION
PILOT STUDY"

Idaho Department of Highways Pit Source

Filler Bingham 68 Cassia 129 Clark 27
Asphalt Asphalt Asphalt
Retioe5, % Retio=5,5% | Ratio=5,2%
| | 4 Abrasion Loss (%)

No filler b7 30b 7.0
1% hydreted lime 1.2 3,2 7.9
2% hydrated lime 1.3 6.l 2.5
1% portland cement 2.7 3.1 L,5
2% portland cement 1.5 . 2.2 k2
1% Treasurelite 5.2 2,2 10,7
2% Treasurelite 4,8 3.8 Tol
1% limestone dust 2,0 - 563
2% limestone dust 1.6 2.7 502
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1V, IMMERSION-COMPRESSION TEST

Specimens having plenned asphalt retios and specimens having
indicated asphalt ratios were both evaluated by the Immersion-
Canpression Test. Unconfined compression strength for dry spécimens,
unconfined compression strength for immersed specimens, their corre-
sponding coefficients of variation, and the index of retained strength
are the five important test results obtained from the Imnersion=
Compression Test, PFiller-asphalt ratio is supporting data.

Index of retained strength is a relative messure of the re-
duction in compression strength due to the sction of water on the
specimen, It is defined ms the ratioc of the immersed unconfined
compression strength to the dry unconfined compression str&ngﬁﬁ af

the specimens,

Planned asphalt ratios are the design agpha;ﬁ ratios shown in
Teble VII on page 49 and sgain in Teble XII on pagebﬁéa Indicated
asphalt ratios are those having the control asphelt ratio for each
mineral filler fdr all three mixture ccmbinations conteining that

filler as shown in Table XTI,

Specimens With Planned Asphalt Ratios., Average unconfined
compression strengﬁﬁs for bgth the dry and immersed specimens are
included in Table XV on page 65 together with the index of retained
strength for the specimens., The coefficients @f’variati@n for the
individual values of the dry end immersed unconfined compression |
strengths are alsoc shown as are the fillermasﬁhalt retios for the

different mixture combinations.
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Specimens With Indiceted Asphalt Ratiocs. Averasge unconfined

compression strengths for both the dry and immersed specimens are
ineluded in Table XVI on page 67 together with the index of retained
st?@néth for the specimens., The coefficients of varistion for the
iﬁaiviﬁual values of the dry and immers@&‘uﬁe@ﬁfiﬁ@a.a@myr&sgi%n

. strengths are also shown as are the filler-asphalt ratios for the

different mixture combinations.

i
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CHAPTER V

ANALYSIS OF TEST RESULTS

Effect of temperature control on specimens, optimum asphalt
ratios, end planned asphalt ratios are discussed to point out certain
problems or trends in those ereas., Following that, each of the four
testys is reviewed indl

appreise their value.

evaluate their imporbtance,

An upper limit has been suggested for the coefficient of
variation for relative stability velues and also for the coefficient
of variation for dry and immersed unconfined compression strength
values, Each of lhe suggested upper limits is the higher confidence
limit et the 95 per cent comfidence level for %h@-m@am.@f the population
of coeffigients‘of variation for the test values under @@ngidaraxiona

Dunaanfs New Multiple-Range Test hes been intr@dﬁ@@d to help
analyze results from the Relative Stability Test, the Moisture Vapor
Susceptibility Test, and the Immersion-Compression Test. Duncan“s'
New Multiple-Range Test uses multiple comparisons to examine each
mean test value for signilicant &iff@reﬁce féam other meen ﬁagt values
from the same test or similer type test (&é}o> It hes been used in |
this study to determine:

l, which average relabtive stability values from the Relgtive

Stability and Moisture Vapor Susceptibility Tests
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are significantly different from other average values from

those two tests,

2 Whi@h aw&rage dry end immersed compression strength values
from the Immersion-Cempression Test are significently
different frem other sversge values fr@m‘that test.

These @@mp@rig@m@‘are ghown in Appendix D on paé@ 137,

Linear correlation coefficient is a measure of the degree t6
which variables very together or a m@asuféxﬁf the intensity of 8580~
ciation (L6), It hes been used in this investigetion to exemine the
possibility of predicting the results for cne test from the results of
& different t@@te' Linear c@rr@l@xian‘c@affiei@nts for the different

test values are conteined in Appendix D on pege 139.

1o IRIAL MIXTURE SPECIMENS

Certain problems and trends became spparent upon development
of the trial mixture specimens. These are discussed in the following

two sections.

Résulﬁs of the auxiliary investigation did not indicate that
temperature control would improve repeatability for values or relative
stability , mixture weight per cubic foot, and percentege of air voids
cbtained by performing a trial mixture series several times, C(oef=
ficients of variation shown in Table V on page Ll vary as widely for
values obtained with temperature control as for similer values obtained

without tempersture control. However, the erratic results may have



T0
been caused by the method by which temperature control was accome

plished. Once the specimen was compacted, a thermistor probe was
attached to the top of the specimen to record the temperature, The
probe was kept in place by tape since drilling a hole in the specimen
would have affected the stability value., It is questionsble whether
the probe was able to record the specimen tempersture with the required
degree of accuracy. Further investigation in this area will require
the use of a more positive means of temperature control such as a

forced draft constant temperature type ovetn,

Relative stability vaelue and the slope of the stability curve
were the comtrolling factors in selecting the optimum asphalt ratios
for all mixture combinations except those containing no filler, 1 per
cent hydrated lime, and 2 per cent portland cement. These three
combinations were limited to 7.0 per cent asphalt since mixtures with
greater asphalt contents are used only when required by special
conditions, Increasing the amount of mineral filler reduced theboptiu
mum asphalt ratio each time for all three types of filler, This %rend
is simllar to one in another investigation (29) which concluded in |
part that "if the filler content is increa&edg‘thé amount of esphaltic

cement will not be incressed but rether will be reduced.”

II. PLANNED ASPHALT RATIOS

Planned asphalt ratios for mixtures containing the same type

of filler did not have as great a variation from their respective
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optimum asphalt ratios as had originally been anticipated. This wa§
due primarily to the reduction in optimum asphalt ratio with inereasing
amount of filler, It had heﬁn.anticipazed that increasing the amount
of filler would increase the required asphalt content. As such was
not the case, the plannea asphait ratios were within 0.5 per cent to
0.8 per cént of ﬁhe cmrr&apaﬁdiég optimum asphelt ratio for five of the
aix‘different mixture combinations and wes exactly thé seme for 6 per
cent portlend cement, Thus, while the variastion in filler-ssphalt
ratio was quite satisfactory, the variation in plenned asphelt retio
frem 6ptimum asphalt ratio was not as great as desived, However, the
variation was large enough to produce mixfpra designs from which low

or marginal values were obteined for portland cemnntAand limestone duat

"specimens for three of the tests, This permitted a good comparison

to be made between the sensitivities of the different tests.

11X, RELATIVE STABILITY TEST

The average relative stability value of 45 £or no filler indie-
cates that a mineral filler is not needed to improve the stability value
of asphalt mixtures using aggregate from Pit Source Ada 53, Furthermore,
it is evident from Tebles VI eand VIII on pages 47 end 58 that addition
of a filler reduces the relative stability value for most of the mixe
ture combinations used, Only the 2 per cent portland cement mixture
combination at optimum @sphalt content provides sny improvement in
rg;gtivo sbtability velue. |

thn rillern were used, increasing the amount resulted in a

higher stability value since the incresse in filler was accompanied
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by a decrease in asphelt content, This results in an incresse in
internal friction of the specimen and & higher stability velue, This
trend is quite evident for both the portland cement and limestone dust
mizture cembinations,

The averege coefficient of variation for the individual
relative stability values is 12,2 per cent. Two of the mixture com=
binations, 1 per cent hydrated lime end 2 per cent portland cement,

4

se due to the

"™ P anp g { oo SOLDE o D - el e 0w i & e
have very large coefficients of verigtion.

exceptionally high esphelt content of T.% per cent inm those two

combinations. Since this test procedure was designed to sinmulate

routine laboratory testing, moderaste veriations are to be expected in
individual test values, Nevertheless, examination of the reanges of
individual vaelues contained in Teble VIII on page 58 indicates that
the maximum.@@@ffi@i@m% of variation for individual values should be
15 per cent. That percentage is the higher confidence limit at the
95 per cent confidence level for the population mean of those
coefficients of variation,

With the exception of the mixture combinations for portland
cement, it was not possible to meintaein the desired cocnstent percentage
of air voids in specimpns having the seme type of filler., As previe
ously stated, the mixtures conteining 4 per cent hydrated lime and 8
per cent limestone dust could net be compressed to the seme volume as
the other specimens with the seme type of filler, Thus the percentage
of air voids in those two series of mixtures are considerably higher

than the values for the rest of the specimens containing the seme
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type of filler. Hewever, it is not believed that this variation

substantially affected any of the test velues,

IV. MOISTURE VAPOR SUSCEPTIBILITY TEST

The aversge relative stability velue of 33 for no filler indi-
cates that & mineral filler is still not needed in asphalt mixtures
using aggregate from Pit Sourece Ada 53 1 the ninimum value of 30

o S W&
srpda DI

established by the Cal o MAgain the

presence of filler reduces the relative stability value for most mikture

A

combinations with only 8 per cent limestone dust providing improvement
in relative stability value,

Inereasing the emount of filler resulted in higher relstive
stebility values as was the case for the Relative Btability Test,

This trend is egain quite noticeable for mixtures conteining portland.
cement or limestene dust,

The average coefficient of variation for the individusl rela-
tive stability values is 11,2 per cent which is slightly lower than the
average coefficient of variation of 12,2 per cemt for individual
gtability values for the Relative Stebility Test. The small reduction
mey be due to netural vaeriation or it may be due to the additional curing
the specimens underwent during the period of @ﬁp@gufe to moisture vapor,
Ha&everg three of the mixture combinations still have large coefficients
of variation, Examination of the ranges of individual values in Teble X
on page 60 still indicates that 15 per cent should be & maximum for

coefficient of variastion for individual values, The recommended limit
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of 15 per cent is again the higher confidence limit at the 95 per cent
confidence level for the population mean of those coefficients of
variation,

With the exception of the mixture combinations for 4 per cent
hydrated lime and 8 per cent limestone dust, it wasnpagsihla to maine
tain reasonsbly constant percentages of air voids im the specimens

having the same type of filler thereby permitting development of

reasonably constant total volume specimens, This may have been due in
part to improved familiarity with the procedure for meking the specie
mens and in part to greater uniformity in eggregate size and shape,

The increese in total percentage of moisture and volatiles in
the specimen from that of the Relative Stebility Test ranges from 0,04k
per cent for 1 per cent hydreted lime to 0,382 per cent for L per cent
hydrated lime, However, with the éxﬁeptian of 1 per cent hydrated lime
and 4 per cent portland cement, the incresse is quite cansisﬁént
ranging from 0,21k per cent to 0,382 per cent with an average incresse
in total percentsge of 0.299 per cent, Such an increase was expected,
since five of ten average relative stability values from the'Moisture
Vapor Susceptibility Test were significantly lower than the corre=-
sponding values from the Relastive Stability Test, stéverg 8 meximum

permissible increase in moisture content has not as yet been established

by any agency,

V. MINNESOTA COLD WATER ABRASION TEST

With the exception of the plenned asphalt retio mixture com-

bination for 8 per cent limestone dust, the asbrasion losses for specimens
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having planned asphalt ratiocs renge from 2.3 per cent to 3.7 per cent
while those for specimens heving indicated asphalt ratios range from |
1.1 per cent to 3.6 per cent, The T.0 per'éent abrasion loss by the
8 per cent limestone dust specimens could be due merelylte a weak edge
on just cme of the eight specimens. These results are consistent with
these from previous tests (L) shown in Table XIV on page 63 which range
from 1.2 per cent to 10,7 per cent for specimens containing four
different fillers and three different mggvegates. With just five
exceptions out of 26 test results, the sbrasion losses from the previous
tests range from 1.2 per cent to 5.3 per cent,

Results of the tests using specimens with no mineral filler and
reduced asphalt contents as shown in Table XIIL on page 63 indicate that
the esphaelt ratio must be reduced beiow 5.0 per cent before any
appreciable abrasion loss occurs., This is further supperted b& gtudy
of the original peper (28) from which the test %aa developed, Asphalt
ratios used in that investigation range from 3,75 per cent to 5.3 per
cent, However, of the 150 differ&nt’mixture corbinations tested, 135
hed asphalt ratios in the range of 4,0 per cent to 5.0 per cent., Thus
the test was developed using specimens with lower asphalt contents than

are normally used in asphalt surface courses constructed today.

VI,

Average dry end immersed unconfined compression strengths of R
233 psi and 176 psi, respectively, for planned asphelt ratio specimens

with no filler shown in Teble XY on pege 65 indicate that a mineral
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filler would be needed to improve the dry and immersed compression
strengths to the present Idsho Department of Highweys minimum aceept-
able values of 250 psi and 213 psi, respectively, Corresponding
indicated asphalt ratic strengths from Table XVI on page 67 show the
same need., Furthermore, it is evident from the values in these two
tables that all but one mixture combination provides an iuprovement in
both dry end immersed strength. Only the immersed strength for the 2

o

ation with an indicated ssphalt

per cent limestone dust w
ratio failed to show improvement,

Increasing the amount of filler resulted in inereasingly
higher dry end immersed strengths., This is the result of greater
internal cohesion in the specimen caused by the reaction between the
filler and the asphalt. This trend is quite evident for both the
hydrateﬁylime end limestone dust mixture combinations,

The average coefficient of varistion for the individual
strength values is 4,9 per cent for the dry planned asphalt ratio
specimens, 6,5 per cent for the immersed planned ssphalt ratio specimens,
6.7 per cent for the dry indicated asphalt ratio specimens, and 10,6
per cent for the immersed indicated asphalt ratio specimens., However,
the average coeffTicient of veriation for all individusl strength values
is 7.2 per cent with only seven mixbure combinations having coefficients
of variation appreciably over 10,0 per cent., Since this test procedure
was also designed to simulate routine laboratory testing, moderate
variations are again to be expected in individual test values, Thus,

examination of Tebles XV and XVI on pages 65 and 67 shows that the



7

maximut coefficient of varis ralues %nwuid be 10
per cent which is the

aanf;&ence level for th

variation,

as the &ﬂ@ﬁ@@%@ﬁ asphalt
ratias for no fill@r 2,5 per cepnt hydrated iimﬁg % per cent portland
] )2 g :

re combinations as can be

cement, and 5 per cent limeztome d

the dry or the imw for specimens

he @

having those perticular be significantly

different from th@ corre

specimens having those 1

However, @xmnation

¢ D on page 138 shows

. of Duncan's New Mult!

that the average strength values the dry and immersed specimens for

5 per cent limestone dust in Ta

3

on page 65 are significantly

e

différent from the corresponding values in Teble XVI on page 67. This

points out that in specimens 1L amounte of the same compo-

nents there can be & sgig sion because of

particle size, shape, and dist 1 the mixture, Shape,

position, and distribution of the larger

ticles of apgregate seem
to have a substential effect on the compression strength of the

specimen, especially when it conteins

o

high percentage of mineral

filler, Thus significant 4iff

a

expected in gpecimens with identiec
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VII, COMPARISON OF TESTS

Different combinations of tests are compared to determine
the intensity of association of relationships and appraise their
importance., Four such combinations are evalusted to establish the

basis for development of the proposed standard test procedure.

Relative Stebility and Moisture Vapor Susceptibility Tests

Relutive stebility values two tests have been plotted
in Figure 5 on page 79, The linear correlation coefficient for these
two sets of values is 0,79 which is only fair, However, the values
for 8 per cent limestone dust cause a reduction of several per cent
in the value of the correlsticn coefficient,
| Figure 6 on page 80 is, in part, a plot of the relative
stability values for the two tests against their filler-asphalt ratios,
This comparison shows:
Lo good sensitivity of the Relative Stability Test to
veriation in filler-asphalt ratio,
2o fairly good sensitivity of the Moisture Vapor Suscepti-
bility Test to variation in filler-asphalt ratio,
3. only fair sensitivity of the Moisture Vapor Susceptibility
Test to the effect of moisture vapor an@/or water on the
specimens.,
The linear correlation coefficient for the two sets of values
for percentage of moisture and volatiles in the specimen is 0,11
which is very poor, No information of velue is gained from plotting

those values either by themselves or sgainst the filler-asphalt ratios,
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S

Linear correlation coefficients for both sets of relative

- stebility values plotted against the abrasion loss velues are 0,37 end
0,69 which are very poor. No information of value can be geined from
these plots or by plotting the abrasion loss velues ageinst the

filler-asphalt ratios.

Ralati%&wﬁggbility@ Moisture Vapor Sus

stibility and Lo

Figure 6 on page 80 slso shows the dry and immersed comprese

strengths for the planned asphalﬁ'rgtia specimens plotted mg@ins% the
filler-asphalt ratios together with the previously mentioned plot @f
the two sets of relative stability velues ageinst the filler-asphalt
ratios, This combinetion plot shows:

1o good sensitivity of the Imm@rai@nmﬁcmpregsicn Test to
variation in filler-asphalt ratio,

2, good sensitiviﬁy of the Immersion-Compression Test to the
loss of cohesion resulting from the action of water on the
specimens.

Dry and immersed unconfined compression strengths for plenned

ssphalt ratio specimene have been plotted in Figure 7 on page 82,
The linear correlation coefficient for these two sets of values is
0,97 which is excellent, Figure 7 also shows the plot of the dry K
strength for the indicated asphalt ratio specimens egainst the |
immgrsed atrengtﬁo The linear correlation coefficient for these two

sets of values in 0,84 vhich is feirly good.
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Figure 8 on page 84 shows the dry and immgrsea strengths far'
the indicated asphalt ratic specimens plotted against the fillermasphalt;
ratios together with the same plot of the twe sets of relative stability
values egainst the filler-asphalt ratios, This combination plot sh;wss
1. continued good sensitivity of the Immersion-Compression
Test to variation in filler-asphalt ratio,
2. feirly good sensitivity of the Immersion-Compression Test
to the loss of cochesion by the specimens from water action.
The change in trend evidenced by the hydrated lime specimen strengths
is attributed to variation in shepe, position and distribution of the

larger aggregate particles within the mixture as previously discussed.

Minnesota Cold Water Abrasion and Immersion-Compression Tests

Linear correlation coefficients for the dry and immersed
unconfined compression strengths for plaﬁnéd asphalt ratioc specimens
plotted against the abrasion loss values are 0,54 and 0,43, respéch
tively, which are very poor, No information of value can be gained from
these plots or by plotting the abrasion loss values ageinst the filler-

agphalt ratios,
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS
Conclusions contained in this study are those reached after

analyzing the physical test results and the related pertinent liters

ature, Recommendations, however, are based not only on the conclusions

but elso on knowledge gained frowm past exper fhich hag bheen made

more meaningful by this investigation,

I, CONCLUSTONS

The following conelusions are the result of s veview of

pertinegt litersture, an examination of the method of investigation,
and the enalysis of the test results.

1. Proportioning the comstituents of an ssphalt mixture by
solid volume rather than by weight permits more accurate
control of the resulting percentege of air voids in the
mixture, By knowing the individual solid volumes of the
constituents, it is possible to meintein & reasonsably
constant percentege of eir voids in specimens compressed
to & constant total volume,

2o Use of a constant total volume of alr voilds permits
better comparison between specimens conteining different
minerel fillers, This epproach, which has been described

in detail on pages 30 and 31, minimizes effects due to
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6.
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variation in air void content on test results,

Trial asphalt ratios over 6,0 per cent should be selected
at 0,5 per cent intervals up to 7.5 per cent to obtain
additional values of relative stability in that critical
range of asphalt ratios.

Optimum asphalt ratio should be selected such that the
corresponding relative‘stabiiity value ig located 6n 8
part of the stability curve where the rate of change af\
the slope is small, This provides the greatest probability
of being eble to obtain good repeatsbility of relative
stability velues.

Mixing, curing, and compaction temperstures of all
specimens should be ﬁgrefully controlled throughout
investigations of this type using a positive means of

temperdture control such as 8 constent temperature mechen-

cdeal céﬁvectibnmmype oven, Mixing, curing, and(campactibn

temperatures should be 300° F,, 230° F,, and 230° F.,
respectively, in accordance with Idaho T-9-58 and Idaho
T=25=6L o

Increasing the amount of mineral filler in a mixture can
decrease the optimum asphalt ratio fér the mixture as
shown in Table VI on page U7,

The filler<easphalt rati@, which has been used by other
investigators (11) (15), is a valusble criteria for
andlysis in that it provides s standard base for evale

usting the effects of fillers on the different physical
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properties of mixtures., This is illustrated in Figure 6

on page 80 and Figure 8 on page 8b where the filler-asphalt

ratio has been used to help determine the s&msiﬁivity §f

the Immersion=Compression Test,

The Relative Btebility Test

&) indicates thet a mineral filler doces not materially
improve relaetive %tébiliﬁy values of asphalt mikfuféé
using aggregate from Fi%kﬁaur@@ Ade 53 as shown in

Table VIII on page S8,

" b) shows good semsitivity to veriation in filler-ssphalt

ratio as illustrated in Figure 6 on page 80.

The Moisture Vepor Susceptibility Test

a) indicates thet a mineral filler is not required in
asphalt mixtures using aggregate from Pit Scurcg-Ada
53 if the California Highwey Departmént minimum
stendard of 30 is ua&ag

b)  shows fairly good sensitivity to veriation in fillere
esphalt ratio as shown in Figure 6 on page 80,

¢} shows only fair semsitivity to the effect of moisture
vapor and water on the specimens as also illustrated
in Figure 6,

d) shows no consistent relstionship between the relative
stability values and the values for percentege of
moisture and volatiles im the specimen as is evident

by the linear correlation coefficient of 0.b47.
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The maximum coefficient of varigtion for individual values

of relative stability for zpecimens containing identical

amounts of the ssme constituents should be 15 per cent for

the reessons given on peges 72 to Th.

The Minnesota Cold Water Abrasion Test

a)

b}

e)

a)

b)

shows in Table XIII on page 63 that the asphalt ratio
must be reduced below 5 per cent before any apprecisble
abrasion loss oceurs,

was developed as discussed on page 7% using specimens
with lower asphalt contents than are normally used in
present-day construction of asphalt surface courses,
does not provide meaningful restlts when higher asphalt
contents are used.

Immersion-Compression Test

indicates that a mineral filler would improve asphalt
mixtures using aggregate from Pit Source Ada 53 as can
be seen in Tebles XV and XVI on pages 65 and 67,
respectively,

shows good sensitivity to veriation in filler-ssphalt
ratio as illustrated in Figures 6 and 8 on pages 80
and 84, respectively,

ghows good sensitivity to the loss of cchesion by the
specimens from water action as cen alsoc be seen in

Figures 6 and 8,
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The maximum ccefficient of veristion for individual values

of unconfined compression strength for specimens containing
identical amounts of the same constituents should be 10

per cent for the reasons given on pages 76 and T7.

The 2b-hour immersion period at 1h0° ¥, in the Immersione
Compression Test seems to be adequate. However, further

investigations in this area should also examine the lLeday

immersion period at 120° ¥, for purposes of comparison

to prove the adequacy of the 2h-hour immersion period at
1ko® 7,

There can be & significant difference in the strength values
of Inmersion-Compression Test specimens with identical
amounts of the same components if there is variation in
size, shape, and distribution of the particles, These
factors seem to have a pronounced effect on the cohesion
of the specimen especially when it contains a high
percentage of mineral filler as discussed on page TT.

Bach mineral filler effects an asphalt aggregate mixture
in a little different way, This is evideat from the |
variation in values for relative stebility and unconfined
compression strength resulting from the different mixture
combinations,

Some mineral fillers seem to be more effective than eéhers
in improving desireble characteristics of an asphalt

mixture, This investigation indicates that for mixtures
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using Pit Source Ada 53 aggregaete, hydrated lime is the
mast’@ffe@ﬁive filler with @@rtlaﬁd cement and limestone
dust praviding,le@s improvement.

As.th& lmméraiﬁn;CQWPragsiaﬁ Test measures primerily

cochesion and the Relative Stebility Test measures
principally internal friction of the specimen, both tests are
reduirea to determine iﬁ‘parﬁ the raai@taneé of an asphalt

mixture to feilure from ssphalt sbzerption or stripping.

Il. RECOMMENATIONS

The following recommendations are based upon anslysis of the

method of inVeaﬁigatian,>the test results, the conclusions, and pest

expgrienc&fwhieh is now of sigﬂifi@ant value because of this studys

L.

2o

The standard test method should be the use of the
Reluﬁive‘Stability T@at‘amﬁ the Inmersion-Compression
Test for &valnafing the improvement iﬁ resistance to
deformation, resistance to wéﬁaé action, cohesion, and .
strength of asphalt mixﬁureﬁ‘thraugh use of a mineral

filler,

The 2h-hour immersion period et 140° F, in the Inmersicn=

Gampreﬁﬁibn Test should be tentatively éstablighed as
standerd procedure, Use of that immersion period will
require finel substantistion by comparison to the beday

immersion period at 120° P, during Phase Two of this study.
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The Moisture Vapor Susceptibility Test should ﬁe further
&nalyzed';fger the procedure haes been modified to more
nearly duplicaste conditions under which asphalt stripping
occurs in the field, A method needs @gAbe found by which
the mixture can be subjected to repested stress at varying
temperatures while it is being exposed t@ moisture vapor,
This will permit & more reslistic evaluation of mixture
reéiétane@ ﬁé stripping action,

The Minnesote Cold Water Abra nould be dropped

from further consideretion ss it does not provide meaningful
results at the higher asphalt contents being used in

present-day asphalt surface course construction.

. The procedure of proportioning the constituents of an

qsphali mixture by voluﬁe rather than by weight should be
investigated further. |

Asphalt ratios for trial mixture series specimens should
be selected at L4.,0%, 5.0%, 6.0%, 6.5%, T.0%, and T.5% to
obtein additional values of relative stability in the
range of esphalt ratios over 6.0 per cent.
Per@entag&,ofhairbvmids in asphalt mixtures should be
determined using the maximum 3@@@§fﬁ@ gravity (Rice
Method). Specimen volumes should be computed by weighing
the specimen originelly in eir, then in water and then

sgein in air to correct for gbsmorption of water,
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Filler-asphalt ratio should be used as the basic
meagurement of constituent proportion in the second phase
of this study.
During Phase Two of this investigation the f@licwing two
methods of adding mineral filler to s mixture should be
exemnined: | ‘
a) add the filler to the dry sggregate, mix, and then
add the asphelt. The principal resction would thus
be between the filler anﬁ the asphalt as was “the eése
in this investigation,
b} add hydrated lime to the dampened aggregate, allow the
mixture td cure for 48 hours, and then add %he_aéphalto
The principal reaction would thus be between the
hydrated lime and th@ dampened aggregate,
SM=K cationic emulsion asphalt should be evaluated during
Phase Two of this investigetion. Should its use in mixtures
with mineral filler prove ‘unf"easiblew two different brmﬁs_’
of 85-100 penetration asphalt cement should be examirﬁea
to determine if different brands of asphalt produce H
significent differences in test results.,
Aggregate from five diff@f@nt pit sources having e history
of absorption and stripping problems should be evaluated
during Phese Two of this study. Pit sources Bonner 46,
Clearwater 36-s, Ideho 93, Oneida Lk and Twin Palls 63

are recommended as appropriate for investigation.
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APPENDIX A

INVESTICGATION PROCEDURE



100
Preparation end Meke-Up of Steandard Mineral Aggreg

2ral Aggregate from
source Ads 53 ’

A, Gradation

1, Grade the entire sample in accordance with Idaho T=le65
using the l"’ino & B/hwiﬂo ¥ 5/8“”1&6 @ l/gmino ] 3/8“’1“0 ¢

and No:; b sieves,

2, Place the No, 4, 3/8«in., 1/2-in., and 5/8-in. mat=

erial in separste secke by individual sieve size.

3. Split all the minus No. U material into two parts, A
and B, using the sample splitter,

L, Split part A into two parts, C and D, and part B into
two parts, E and P, meking & total of four approxie

mately equal parts of material,

5 Combine parts C and F and split the combined material
into two equal parts., Also combine parts D end E and

split the combined material into two equal parts,

6. Split each of the resulting four equal parts into two
additional parts making a total of eight approximately
equal parts, parts one through eight.

Te  Determine the gradetion of parts 1, 3, 5, and T of the
minus No. U4 material in accordance with Idaho T-l=65
by the method of hand quartering using the No. 4, No., 6,
No. 8, No, 20, No, 30, No, 40, No. 50, No, 100, and
No, 200 sieves, '
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Place the eight parts of minus No. I material into

sacks end keep track of the sacks by part number,

B, Make=Up

1

20

3e

If the standard aggregate is of uniform gradetion
meeting the Idaho Depertment of Highvays 1965 Stand-
ard Specifications for both & Class "D" Plant-Mix
Surface Course snd a 3/h~in, Maximum Type “B" Aggre-.
gate Base Course. use the origin&l uniform gradation to
meke up the specimens for all tests, Otherwise, com=
bine the different sizes of plus No. b aggregate with
the minus No. 4 aggregete to cbtain a uniform grae-
dation meeting the Class D" Plant-Mix Surface Course
specifications, and if possible, also the 3/l=in. Maxi-
mum Type "B" Aggregate Bese Course specifications, '

Make up the necessary semples from esch of parts 1,
3, 5, and 7 of the minus No. U material end perform
the following tests on each part: ,
a) BSand Equivalent Test « Jdaho T=2=62
b) Liquid Limit Test = AASHO T-89=60
¢) Plastic Limit Test « AASHO T=90=56
d) Plasticity Index Test = AASHO TwgleSk
e) TPine Specific Gravity Test - Ideho T=T5-62
f) Average Specific Gravity Test- IDH Form DH-897
g) Idaho Degradation Test » Idaho T=l5-60

Meke up the necessary samples from the coarse aggregate
using the gradation determined in step 1 to perform
each one of the following tests: ,

8) Coarse Aggregate Adsorption Test = Idaho TeT76-62
b) Coarse Specific Gravity Test « Idaho TeT6=62
¢) los Angeles Abrasion Test « AASHO T=96=60
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L, Meke up the necessary semple from the aggregate using

the gradation detemined in step 1 to perform the

fcllowing tesiz )

a) Bulk-Impregneted Specific Gravity Test. Procedure
to be followed is contained in the report, “Spe-
eific CGravity of Aggregates in Asphaltic-Paving
Mixtures,"” Highway Resesrch Board Proceedings,
3b:320-328, 1955,

II., Determination of Optimum Asphalt Retio from Trisl Mix Specimens

A, Procedure

1., Determine the Centrifuge Kerosene Equivalent values
for each of the different esphaelt mixture combinations
in accordance with Idaho T-36-63 using the standard
aggregate, SSmiGO penetration asphalt cement, and the
following types and amounts of mineral filler by
weight of aggregate:

a) No filler

b) 1%, 2.5%, and 4% hydrated lime
e) 2%, 4%, end 6% portland cement
d) 2%, 5%, andQS% limestone dust

20 Examine the Centrifuge Kerosene Equivalent values for
the different asphalt-mineral filler-aggregate cotie
binations to determine the asphelt ratics at which each

different trial mixture series should be made,

3. Select four appropriate asphalt ratios as whole perw
centages greater than and less than the Centrifuge
Kerosene Bquivalent value and méke & triel mixture
gseries in accordance with Idsho T=9-58 and Idaho
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T=25-6L for each different &ggﬂgiﬁmmim&fal filler=

aggregate combination end minersl filler percentage

shown in step 1.

Determine the folls

reights end nmessurements for
each specimen in esch triel mixture series:
&) Measure the he ig 5y Hy of specimen in the mold to
the nearest 0,001 in. after the leveling load
has been epplied.
nel D, to the nearest

b) Measure the d diam

0,001 in

e¢) Record the W, the weight

agg

of mineral : welght of asphalt,

Wag used to n

Determine the unit weight of sggregete plus mineral
filler, W w? in each specimen of each trial mixture

geries in pounds per cubie foot as follows:

Wte of aggfég@t@ + Wt, of mineral filler

W =
h Volume of Specimen
( W % 53,6 :
i {Wagg W) 453,6 1b.,
(n EQ H ) + 1728 £t.3

Weigh the specimen to the nearest 0,1 gram, ng after

it hes been rvemoved from the stabilometer.

Calculate the weight per unit volume of the specimen,

&

W@g in pounds per cubic foot as follows:

Weight of Specimen W + 4536 1b.
W 2= PR
Q . . R T £ v o599 -2 o & 3
Volume of Speecimen (v D H ) ¢ 1728 to
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Determine the specific gravity of the ssphalt mixture,
Gﬁ, in each specimen of each triel mixturs series by
the maximum specifiec gravity method (Rice Method) es
contained in Appendix C of the Asphalt Institute
Publiecation, "Miz Design Methods for Asphalt Concrete
and other Hot-Mix Types,” (Manual Series No. 2,

- Becond Edition, February, 1962, Third Printing, Msy,’

1963) pp. 1624165,

Determine the el volds dn esch specimen of each triel
mixture series ag followss

W
Mr volde = [100 o st x 100] %
{Gm % 620 h)

Plot the relative stebility, unit weiglit of aggregate
plus mineral filler, and ailr voids for each different
trial mixture series, end select the optimum asphalt
ratio for each case.

A, Control Specimens

Lo

‘Prepare the test specimens containing no mineral

filler at the ocptimum asphalt ratio by welght of
aggregate selected in II-A-10 for that particular
gase,

B, 8pecimens Containing Mineral Filler

1,

Prepare an initi;al gset of specimens for each different
test at the optimum assphalt retio by weight of sggre=
gate plus mineral filler selected for use with each
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of the following types and amcunts of mineral fillér
by weight of aggregates ' “

a) Hydrated lime - 2.5%
b) Portland cpment - b%
¢) Limestone dust - 5%

Determine the total solid volume of mineral filler
and asphelt used in each specimen (of the initiel
set of specimens for each mineral filler and each
different best) ss fellowss ‘

W W

¢ a
vtwvf*vaﬁ& *c}
eY al

where V£ = {otal solid volume of asphalt and mine
eral filler in each specimen of each
initial set of specimens.

Vf = golid volume of mineral Ffiller in taeh

specimena
V“ 2 golid volume of asphalt in each
spaeimena
Wf = weight of mineral filler in each. ipuc»
imen, ‘
. " weight of asphelt in esch apecimon,

¥y = unit weight of water teken as 1 gram
per cubie centimeter. '

G, = specific gravity of mineral filler
usedo

Gu = gpecific gravity of asphalt,

Determine the V£ for the specimens in each initial

sBet of specimens for esch different minersl filler
for each different test,
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nined in step 3 for each spece

third sets of specimeuns for

filler for esch diffevent test

es prepered in steps § and 6,

Prepare the second set of specimens for each different
test using the weight of asphalt per specimen calcu=
lated below for each of the following types and

amounts of mineral filler by welght of sggregate:

a) Hydreted 1i - 1%
b) Portland cem - 2%

per specimen shsell be:

¢) Limestone dust

The weight of s

using the appropriate V, determined in step 3,
Prepare the third set of specimens for each different
test using the weight of asphalt per specimen calcue
lated below for each of the following types and

amounts of mineral filler by weight of aggiegate:

&) Hydrated lime - U3
b) Portland cement = 6%
¢) Limestone dust = 8%

The weight of asphalt per specimen shall be:

wsﬁ“
v &3 P e Wmmi< {‘g;
Ta Ve e ¢,
T Hp

o

& determined in step 3,

¥

using the eppropriate V
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Steps 1 through 6 are illustrated for a hypothetical

caszse as Tollows:

Test to be performed: Relative Stability Test

Weight of sggregate in specimen = Wg =

4% portlend cement
Optimum ssphelt retios

5.9%
Specific gravity of mineral fillers
3,10
Speeific gravity of asphalt:
1.00
Step 23
Wf = 0,04 x 1156 gm. = 46,2 gm.
W, = 0,059 x (1156 + 46.2) = 70.9 gm.
46,2 gm. T0.9 &io
v, = “=  1h,9 cc

= %
v 831 1810
+ 70,9 cc = 85,8 cc

Step 53

Wf = 0,02 x 1136 g, = 2301 frati

23,1 gm@

Wa = 85,8 cec = 1 8% x 1.0
e 3, l
= 85,8 gm,. = 7,5 gms = 78,3 g,

Step 6

We = 0,06 x 1156 gii. = 69,4 gu,
6 ii% g,

W= 653ﬂseﬂmw )1%‘%3:1@
178@ % 3.1

it

8‘508 g, 920& &iho = 6361‘& fsi

1156 gu,
Amount and type of mineral filler to be used:
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The three asphalt ratios involved would then be:
&) For 2% portland cement:
?803 e

x 100 = 6.6%
(1156 + 23,1)

b) For 4% portlend cement:
T70.9 gnm,

x 100 = 5,9%
(1156 + L46,2)

¢) For 6% portland cement:

63,0 gnm, :
x 100 = 5,2%

{1156 + 69.4)

Test

Number of Test Specimens Required

1. One set of five control test specimens containing no
nineral filler,

2, One set of five test specimens for each type and
amount of mineral filler indicated in III=B,

Preparation of Test Specimens

l, Prepare each set of test specimens in accordance

with Idsho T=9-58 and Idaho T=25=64 with the  following

modifications

a) Select from the triasl mixture series made in
Section II the weight of aggregate, Ws, that
will make a specimen containing & mineral filler
2,5 = 0.1 in, high and use this wg‘i 1 gn.
for all test specimens prepared for this test,
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(1) Record the actual welght of aggregste used.
Select the optimum asphelt ratio determined from
th§ triasl mixture series containing n@.filler.in
II=A=10 as the asphalt retio for the set of cone
trol test spe@imenso
Using the weight of esggregate selected in part
&), determine the asphalt ratio for each set of
specimens conteining a mineral filler in accorde-
ance with the procedure indicsted in III=B,

2

A PR . AEL T W K s g e o K
lace vhe minersl filler with the aggregate, heat

the conbined apgregate and mineral filler mixbure
to 275° ¥, « 300° F,, and mix the hested combie
nation for 30 seconds before adding the asphalt,
An initiel specimen shall be made for the purpose
of "buttering" each mold. The épacim&n shall be
ai@eam&ad and the inside of the mold shall be
cleaned of mixture residue by wiping with a clean
dry eloth.
Make the first specimen in the set of test spec-
imens containing 4 per cent portland cement bybweight
of aggregate and d@terﬁine the volume, Vgg of the
specinen in cuble inches,
Prepare the remeinder of the test specimens
reguired in steps 1 end 2 of Sub-Section A at the
seme constant volume, V_, determined in part ),
The consteant volume, ng is to be attained for
each specimen in the following manner:
(1) Determine the diemeter, Dl; of each mold
to the nearest 0,001 in, when heated to
230° ¥, E
(2) Celeulate the necessary height, H,, of each
specimen to the nearest 0,001 in. eas

follows @
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(3)

(k)
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S h vg VS
H = % ﬁ 3 = 1,2732 27?; (inches)
1 1

Apply the leveling loed after compaction
of the specimen required to sttain the
height ng and record the amount of the
leveling load.

Use an Ames dial to determine when the
height, H

;';l 8
() Determine the height messurement at

has been attained.

four different locations on the top
surface of the specimen.
(b) Use the average of the four height

measurements as the height, Hl°

Record all data necessary in the preparation of the
specimens ineluding all caleculations required in
Szetions II and III,

Performance of Test

1.

20

3o

Perform the Relative Stability Test on each specimen of
each set in accordance with Idaho T=9~58 and record all

After the first and fifth specimens of each set have
been removed from the stebilometer, determine the

specific gravity of the asphalt mixture, Gﬁ, by the
meximum specific gravity method indicated in II-A-8,

Determine the amount of moisture and volatiles in the
second, third, snd fourth.épecimens of each set in the

following manner:
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As the second end third specimens of the set are

removed from the stabilometer, cover them to
prevent further loss of moisture and veoletiles,
end place them in & tared pan.

After the fourth specimen heas been removed from
the stebilometer, place it in the pan, uncover
the other two specimens, and weigh the tared pan
with the thres specimens, Record the weight es
Wla

Subtract the welght of the pen to obtain the
initial welght of the three specimens, ng
Place the pan with the specimens in a 230° ¥,
oven for 1 hour,

Bresk up the three specimens after they have
been in the oven for 1 hour to facilitate the
drying process,

Return the pan with the specimens to the 230° F,
oven for a 23-hour drying period.

Remove the pan with the speniﬁens from the oven,
weigh, end record the weight ua'W3§“

Subtract the weight of the pan to obtain the
final waight,ofltﬁe épecimana,kwha

Compute the average percentage of moisture and
volatiles (M & V) iﬂ-thg specimens as follows:

Loss in Weight
% M & V (Specimen) = - x 100
Dry Welght pf Specimen

Wy = W,

x 100 (%)
LN



V. Moisture Vapor Susceptibility Test

A

B,

Co

2

112

Number of Test Specimens Required

1,

2.

One set of five control test specimens conteining no
mineral filler, ‘

One set of five test specimens for each type and amount
of mineral filler indicated in III-B,

Preparation of Test Specimens

1,

2,

Mix, febricate and compact each set of test specimens
in staiﬁless steel molds in accordance with the
procedure outlined in IV-B with the exception that all
specimens shall be prepared with the volume, VS;
determined in part f) of step l.

Prepare each compacted specimen for testing in
accordance with Section C, Preparation of Sample,

of Test Method No, California 307«6; "Method of Test
for Moisture Vapor Susceptibility of Bituminous
Mixtures," State of California Department of Public
Works, Division of Highways, Materials Manual, Testing
and Control Procedures, Volume I.

Performance of Teéf

1.

Place the assembly in e 140° F., oven for & continuous
period of 75 hours, Water is to be continuously
maintained in the pan during the T5=hour period.
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Remove the assembly from the oven and inmmediately

obtain the relative stability value in accordance
with Idaho T=9=58, Record all dats.

After the first and fifth specimens of each set have

been removed from the stabilometer, determine the

specific gravity of the asphalt mixture, GmQ by the

maximum specific gravity method indicated in II-A-8,

&} After determining the weight in grams of the
semple in water, dry the specimen in the 230° F,
oven for 24 hours before determining the weight in

grans of the dry specimen in air.

Deternine the amount of moisture and volatiles in the
second, third, and fourth specimens of each set in the

manney indicated in IV=(=3,

Calculate the average percentage of moisture, M, gained
by the specimens during this test as follows:

M = {% M &V (Specimen)yye = % M &V

(Sp@@imenﬁﬁg ) in %

wheres % M & V (Specimen)mvs = gverage percentage
of moisture and vola=
tiles in the specimens
from the Moisture Vapor
Susceptibility Test,
TMevV {Specimen)ns = average percentage of

' moisture and volatiles
in the specimens from
the Relative Stability
Tests
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Number of Test Specimens Required

1,

26

One set of eight control test specimens coentaining
no mineral filler,

One set of eight test specimens for each type and
amount of mineral filler indicated in III-B,

Preperation of Test Specimens

Lo

20

The size of the individual batches of mixture shall
be the amount required for one set of test specimens,

Compute the weight of mixture in grams for the
specimens of the sets required in steps 1 and 2 of
Sub- Section A as follows:

2 2
‘V’W w%—h w%a’
Wﬁwﬁ OQQWAQOsQWABOoQMA
Vv V. Vv ’
8 , 8 8
A &8
= 1,41l s g,
Vs ‘
where ch s weight in grams of the specimen.
v@w = volume in ecubie inches of the specie

men,

d = diameter of standard 2-in. Hubbarde
Field Mold to the nearest 0,001 in,
when heated to 260° P,

h = height of specimen = 2,000 in.

A 2 weight in grams of dry mixture in aip
(of the first specimen in the corre-
sponding set of specimens with the
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same type and amount of mineral

filler prepared for the Relative
Stebility Test) as determined from the
meximum specific gravity method
computed in IV=C=2,

A = volume of the relative stability spec=
men in cubie inches as determined in
IVUB“’l" f I3

sl
&

Caleulate the weight of aggregate, Wr’ in the specimen

of each set as followa:

W,ow Yo B+ E)
o1+ %2 + %a
100 100

&,

where: % £ = percentage of mineral filler by weight
of aggregate in specinen.

%
&
i

percentage of asphalt by weight of age
gregate in specimen.

P = percentage of eggregate retained on the
1/2=in, secreen,

Use the weight of aggregate, Wr, determined for the set
with 2.5 per cent hydrated lime, the Wr for the set
with U per cent portland cement, and the W, for the set
with 5 per cent limestone dust to prepare the specimens
in th@fﬁhree sets containing different amounts of
hydraﬁéd lime, portland cement, and limestone dust,
respectively,

Mix each individual batch in accordance with Ideho

T=25-64 keeping the heating and mixing temperature at

265° F, = 5° F, | |

a) . Place the mineral filler with the 4ggregate, heat
the combined éggregate and mineral filler to
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275° ¥, = 300° F,, and mix the heated combination

for 30 seconds before adding the asphalt.

Maintain the, temperature of the asphalt mixture at
265° ¥, - 5° P, during the sieving and compaction

procedures.

Sieve the asphalt mixture on the heated 1/2-in. sieve
end use only that part of the mixture passing the
1/2=in. sieve to mold the specimens.

s the 1/2-in, minus portion of the mixture in a
2ein. diameter Hubbard-Field Mold, rod thercughly
with & 1/Y=in, diemeter rod, and use a properly
designed metal follower to compress the mixture into
o specimen 2,000 in. in height, (k).

Use an Ames dial to determine when the 2,000 in.
height has been attaived and maintain the compression
load for 1 minute at the ldad necessary to keep the
height, h, st 2,000 in, }

Using a fan, cool the compacted specimen in air to
room tempersture before removing the specimen from the
mold.

Remove the specimen from the mold and weigh it to the
nearest 0.1 gram,

Plece the eight specimens comprising the set together
in a pan and place the pan with the specimens in s
140° P, oven for 24 hours.
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Co Performance of Test

Lo

2.

bo

Jo

6o

To

Remove the eight specimens from the oven and immerse.
then in a 120° F. water bath for 6 days.

Remove the specimens from the water bath, cool te room
temperature to prevent damage whenAhanaiing, surface-
dry, and weigh each specimen to the nearest 0.1 gram,

Immerse the eight specimens in a water bath at 33° P,
= 1° P, for 1 hour, .

Place the set of eight specimens in a Deval cylinder
previously cooled to 33° F, = 1° F, with ice water and
£111 the cylinder with water at 33° F, = 1° F, to a
level of approximately 1 in. below the top of the
cylinder, |

Sesal the cylinder and rotate the sealed cylinder for
1000 revolutions in a Deval Abrasien Machine,

Remova the specimems from the Deval eylinder, surface=
dry, and weigh each specimen to the nearest 0.1 gram.

Compute the percentege weight loss due to abrasion as
follows s
B« ¢

Percentage ebrasion loss = == y 100 (%)
B

where: B = original surface«~dry weight of the eight
specimens, (From step 2) '
¢ = final surfece=dry weight of the eight
specimens, (From step 6)
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s

A, BNumber of Test Specimens Required

Lo

20

Two sets of five control test specimens containing no
mineral filler.

Two sets of five test specimens for_eachAtype and
emount of mineral filler indicated in III-B,

B, Preparation of Test Specimens

Lo

20

3o

P

The size of the individual bathes of mixture shall be
limited to the amount required for one test specimen.

Prepare a trial specimen for each of the different
pairs of sets required in steps 1 and 2 of Sub=Section
A,

Caleulate the weight of eggregate, w&. in the different
trial specimens as follows:

4,0
W, ® e W ® 1,6 W gme
* 2,5 & &

where Wg = weight of aggregate in grams selected
for the relative stability specimen in
IVeBeleg, '

Meld the trial specimen for each different pelr of sets

in accordance with ASTM Designation D=10The60, and

determine the actual height, hs' of the specimen.

8) Mix the mineral filler with the dry sggregate at
room temperature for 30 seconds, heat the mixture
to 325° F, = 5° F,, and sdd the asphalt,
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If the height of each trial specimen representing the
three peirs of sets céntaining different amounts of
the same mineral filler is within the range of k4.0
p OoL in., use the weight of aggregate, wx, selected
in step 3 to mold all of the specimens in the three
palrs of sets for thét'typa of mineral filler in
accordance with ASTM Designation Del0TL=60,
a) Record the mold diemeter to the nearest 0,001 in.

when heated to 255° F, & 5° F,

Facord the height of sach specimen to the nearest

Qo001 in.

If the heights of the three trial specimens for the

same type of filler ave not within the remge 4.0

L 0.1 ine, , adjust the weight of aggregate computed in

step 3 to determine & new weight of aggregate in

grams W%g such thet the heights of the three new

trial specimens ere within the required range.

a) Use the welght of sggregate, Wz, to mold all of
the specimens in the three pairs of sets for that
type of minevel filler in sccordeance with ASTM
Designétion DelOThe60,

b) Record the mold diameter to the nearest 0,001 in.
when heated to 255° F, & 5° P,

e) Record the height of éach specimen to the neavest
0,001 in, -

Performence of Test

Lo

Perform the Immersion-Compression Test in accordance

with ASTM Designation D=1075«54,

a) Use the group 2, Alternate Procedure under Szetion
5, Procedure, Sub-Section C of ASTM Designation
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De=l0T5=54, )
b) FRecord all data and make all necessary

caleulations.



APPENDIX B

COMPLETE TESTS ON ASPHALT
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APPENDIX C
OPTIMUM ASPHALT RATIOS FOR TRIAL MIXTURE SPECIMENS
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Hydrated Lime
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Figure 12. Trial Mixtures for Determination of Optimum Asphealt
Retio for Asphalt Mixture Containing 3% Hydrated

Lime
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Trial Mixtures for Determination of Optimum Asphalt
Ratio for Asphalt Mixture Containing 2% Limestone

Dust



Relative Stability

134

50 . 13k
Relative
ko 133 %,
a
30 o o
132 E
® o
&y
20f 15 131 &
E §
g
B ,
107 10 g 130
ﬁ .
e
of 5 129
SR r'., '.e.,, f AT e R T R R ' : A 5 8

Asphalt Retio (8)

Figure 19, Trisl Mixtures for Determination of Optimum Asgphalt
Ratio for Asphalt Mixture Containing 5% Limestone
Dust



Relative Stability

135

) 13k
fde—— 133,14
. 133 6-:
s é
4
} w0l ‘?\ﬂs‘“ B n ‘ .
| % 432 E |
! %
ol 15 /' ds 131 f
" ) ;
w g 1} E
4 g.9
g ¢ 5 E
" : - B o 1,30
ﬁ \\@ 4{?‘ |
= Vos | o
la, .
6.1
. “”M
o 5 @\\ 129

g,i¢pwﬂmﬁw,§1,,”.,,,. o bt
Asphalt Retio (%)

Figure 20, Trial Mixtures for Determination of Optimum Asphalt
Ratio for Asphalt Mixture Containing 8% Limestone
Dust



APPENDIX D

STATISTICAL ANALYSIS DATA



137

3snNQ Suo}semWY]
FuBWI) uﬁﬂﬂom
smyTl Pa3BIDAY

.. IBTTTd ON

388], £37TIqT3d808Ng
Jode) dINYSITONR

389 £3TT1I983S SATIRTSY
DU

od

A0

SAH

sy
ssnTeA L£3TTIQR)S JUBIBIITD

ArauesTITuSTS SARY SUIT Suwes

oyg £q pasoosispum J0U saanyxTW Loy

P 8o .
<3 £+3
ESENEEIEIEEEEESEYEER
o ] W w
SBBRBZ35053866833303

senTs) A3TTTABIS SATIBTSY uesy 359 A3TTTaTde0osng Jode) 2anysIol pus
senTBA A9TTTQ8YS SATIBTAY UBSK 38591 AITTTARIC SATISTSY JOJ 389] SBuwey-oTdTITnH Aey S,ussung



suswroadg o1y®y 3Teudsy pessoTpUI - I

138

susutoadg orgey jreudsy pauusly = g —

yyfusags
HOTSSaIdW0) PIUIIUODU[ PISIBUWT - M

Yiduaay g .
woTssaxdmo) paurguonupn Lig - gO

L4

38R PUOYSIWIT - (7]

JUSWS) PWBTIAOS ~ 04

swy PIYeAPLH = Y

J9TIT4d ON = 4N

pusge]
——— _cganTeA U3Busaas
— JUBIBIITYP ATIUBDIITUS IS 2ABY SUIT SweS
211 Lg pexoosispun 30U seanjxtm fuy
R |
e W 0
<> o o (=3
&= Eagl o = 5 A WS RO AW AT B s WA RO OO [l Vi o D o
wfﬁv%%A%%‘%ﬁﬁ%%%ﬂﬁwﬁMﬁﬁﬁﬁﬁ%%,%m%%ﬂ%%%%%%% %%me WW%% BB/
o £t O oy YO YN R Y R m O E Yy e e
ELEHEEEECEBEEEEESESESESS3ES3EZEE3EEE383ES
w gt b R T T v et ke v T Y D B v e b e R v O e v T YD e b b D e
Jonsg=g gsoosngdooggdsoougy gdussssus== ===
bl A by

8013y 3Teudsy
PSIBOTPUT J0 pouueTg Jurasy suswisadg J07 w&pwﬁuﬁpm nQMWWﬂumsum PIUTIUODUN
pesisumy pus Arg wesy 3391 mgwwmw&M&cmlﬁGmewasH 07 1597 =8usy-sTdIaTuy A9y S,uUsdung



139

HOTSBIQY I2VBM
PTO) BIOSOUULY -

y3Fusayg
PeuTEISY Jo XepuT ~

8Y3PuURILg DOSASWWT =

YMOW

SHY
sM

. Suswiosdg
oT3ey 3Teudsy pa3B8OTPUI ~ PSIVITPUT |
suswroadg _
o138y 3Teudsy peuwsTd - pauUwWSTd
_ BSTTIBTOA pPu® BIMISTOH ~A B W
£a11I013d808sNng Jode) SINYSTOW = SAW

- smfusayg 1@ - Sa  £3TTTARIS 9ATIBTSY - gy

00°T , N IC Lot

1€°0  00°T T

§5°0  g0°0  00°T .

24°0  LE°0  1g°0  0D°T

LE°0  95°0 9%°0 %B°0  00°T

£2°0= 22°0- #I°0 HI°0 QI°0~ O00°T

64%°0 Eq°0 L9°0 98°0 48°D 6I°0 00°T

96°0 45°0 49°0° #8°0 I6°0 90°0~ L6°0D 00°T

95°0 2T°0 26°0 £8°0 45°0 T2°0 O0L°0 %9°0 O0D°T

60°0~ gE°0~ €€°0 2E°0 II°0 §2°0 22°0 HI°0 TI°0  00°T ’
9N°0  69°0 %S°0 T9°0 14°0 L0°0~ SE°0 24°0 . Lg°0 %0°0  00°T

Sn°0' LE°0  95°0  %S°0  '§2°0 £€0°0  §2°0 OE°0D 29°0 <SI°0  6L°0  00°T
puI [°WeT3 | SHI  SM 5 SET  SM st | MW AW S§ s
$80] uo1sexqy T9380 00T poutelg 38ey, 3885  asel  aseg

183L VMOW

189], UOTSSHICWON=UO TSISWWT

SAW  SH SAH  8Y

SINIIOTIJHOD NOLLVTIHHOD UVENTTI

°pur.
“uBTg

°evIqy
VMOW

- SM

SHI

8

188

SHT
SH
sa

uogssaaduo)

peuweTd [pereoTpul] 8807

U0 SLOUT

ABH=189], SAN
ASH=189 SH
SH~188T SAH

SH=-983] &Y




